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BWS KAILUA 272° RESERVOIR
FINAL ENVIRONMENTAL IMPACT STATEMENT
EXECUTIVE SUMMARY

Project Scope:

The Board of Water Supply proposes to construct a 4.0 million gallon (MG}, reinforced
concrete reservoir on Puu O Ehu Ridge above Kailua Road near the entrance to Kailua Town. BWS
previously operated two reservoirs on Puu O Ehu Ridge which were taken out of service due to age
and operational problems. The new reservoir's original construction cost of $10.8 million has been
increased by $1.7 million for the design and construction of project features which address
community concern about the visual impact of the facility. Due to the necessity of the project, it
has been funded by the Board of Water Supply for construction in the 1996-97 fiscal year.

The reservoir is circular, approximately 185 feet in diameter and 22 feet in height. Its
spillway is at the 272-foot elevation which is necessary for the reservoir to operate in the
Windward low service water system. In addition, the project’s scope calls for the construction of a
concrete access road, instrument house, drain lines, landscaping, irrigation system, retaining wall
and fencing; demolition of the abandoned 0.3 MG Kailua 275’ reservoir adjacent to the site; and
installation of 1,500 feet of 24-inch water main from Kailua Road to the tank with fire hydrants to
provide needed fire protection for the Old Kukanono Community.

Need for the Project:

. There is a current deficit in reservoir storage capacity of approximately 3.5 MG for the
Kailua area (Mokapu, Kaneohe MCBH, Kailua Town, Lanikai, Enchanted Lake, Olomana and
Maunawili), BWS standards require 1.5 times the average-day demand to meet high use
periods for domestic consumption and fire protection. Approximately 0.5 MG of storage
could accommodate incrementa! growth of the Kailua community; however, the primary
purpose of the reservoir is to address the needs of existing water consumers in the Kailua
area.

. The reservoir will replace 4 other reservoirs taken out of service in the early 1980's due to
deterioration and incompatible spillway elevations. The capacities of the abandoned and
demoalished reservoirs totaled 3.0 MG. The reservoirs sites are located in Lanikai and Kailua
Heights and two on Puu O Ehu Ridge.

* Storage provides an adequate volume of water to sustain water pressures and flows for
domestic consumption and fire protection. Kailua has no water sourees to supplement
inadequate storage. Water must be pumped to Kailua from Waihee and Punaluuy, as far as
25 miles away.

* The transmission system serving Kailua has been subject to periodic main breaks and power
outages that disrupt water service to areas with substandard water storage. The Windward
low service system is the highest pressure system on Oahu, and the large transmission
mains along Kamehameha Highway are below sea level and subject to frequent breaks due
to corrosion. Kailua has experienced water shortages due to these main breaks resulting in
appeals to the community to conserve water.
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Alternative Sites

Reservoirs are very difficult to site and therefore have very few alternative sites available. An
alternative site evaluation (discussed in Chapter 4 of the EIS) was conducted and identified two
viable sites: Puu O Ehu Ridge and Pohakupu Ridge (See Figure 3-8}. However, the Pohakupu site
would cost an additional $2.5 to $5 million due to excavation quantities of 150,000 to 200,000
cubic yards. The Puu O Ehu site requires approximately 55,000 cubic yards of excavation. At
$12.5 million, the proposed Kailua reservoir is one of the most costly reservoirs that the BWS has
ever budgeted.

Project Constraints:

. Within a water system such as the Windward low service system, reservoir spillways and
floor elevations must be equal, as water in a static state seeks equal levels. If spillways are
not equal, the reservoir with the lower spillway will be filled first, while the higher tank
would be only partially filled. Effective storage will be reduced. At the required elevation
the availability of land with stable soils is limited.

* Reservoirs 'need to be located close to the area of demand for the water to be used
efficiently. The Puu O Ehu Ridge is immediately adjacent the large demand center of Kailua
Town.

. Hydraulic headloss between the pumps and the target reservoirs must be equivalent in
order to fill the tanks at approximately the same rate. At very different rates, a reservoir
may be completely filled while another is only half full. To continue to try to fill the half
empty reservoir would cause the full reservoir to overflow and lose water. Strategic
placement of a reservoir within a water system is critical to its efficient use.

Summary of Impacts with_Proposed Mitigation:

Chapter 3 of the EIS addresses existing conditions, probable impacts and mitigation measures. The
primary long-term impact after construction is the visual impact discussed on Page 3-24. Figure 3-
8 shows the affected view angles and indexes the color photos of the existing and expected views
of the site.

Community concerns regarding visual impacts are shared by BWS. The reservoir will be screened
by earthen berms on the exterior face of a retaining wall surrounding the visible portions of the
tank. Space requirements will limit the height of the wall and berm to about 10 which is one-half
the height of the reservoir. However, the elevated berm will allow low profile landscaping with
native piants to screen the upper portions of the reservoir, instead of taller large canopy trees. In
addition, the reservoir will be painted in earth tones to further blend in with the existing hillside.
The addition of these mitigation measures has increased the project cost by $1.7 million.
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Consistency with the County General Plan

The Kailua 272" Reservoir fulfills the existing water storage deficit in the Kailua area. There is very
little excess capacity being built. This is consistent with the County Genera! Plan’s Policies and
Objectives to limit residential growth in the Koolaupoko Development Plan District. As such, the
population projections for the Kailua area do not show any substantial growth. The General Plan
directs Oahu’s population growth to the Ewa, Central Oahu and the Primary Urban Center in
southern Oahu, Therefore, there is no need to oversize the Kailua reservoir because the population
distributions of the General Plan do not justify it.

Summary of Community Information Sharing:

There have been numerous and adequate community information sharing opportunities regarding
the reservoir project over a span of approximately four years. These events have been mutually
beneficial, both to inform the public and to receive constructive input to improve the EIS and the

project itself,

The project was first presented to the public in the Development Plan Public Facilities Map
amendment process, which was heard, reviewed and approved by the Planning Commission in
1991 and the City Council in 1992,

The Draft Environmental Impact Statement was filed with the Office of Environmental Quality
Control on May 8, 1994. The EIS process has taken more than two years to address community
concerns and develop mitigation measures.

The BWS staff has met and discussed the reservoir project with the Kailua Neighborhood Board on
six occasions starting from June 6, 1994. During its July 6, 1994, meeting, the Kailua NHB voted
on a motion to oppose the project; the motion failed to pass. BWS staff presented the earthen
berm/retaining wall mitigation measures to the Kailua NHB at their February 2, 1995 meeting.
BWS staff again answered questions on the project at the June 6, 1996 Kailua NHB meeting.

- A field trip to the site was conducted on February 4, 1995, with members of the Kailua NHB,

Kailua Urban Design Task Force, and the Kailua Outdoor Circle. The field trip was very instructive
for all in attendance.

BWS staff met with the Kailua NHB Environmental Committee in June 19394 to discuss specific
details including alternatives. The results were included in the EIS. Another meeting with this
committee is scheduled for June 18, 1996. BWS staff has scheduled another meeting with the
Kailua NHB in July 1896, to discuss the findings of the EIS.

The project has been covered by the news media on numerous occasions: three times in television
newscasts, and four times in the Windward Sun Press.

In May 1996, the Board of Water Supply held a public hearing on construction funding for this
project. Comments were heard and addressed, and the FY 96-97 budget was approved. The
project site is located in the State Conservation District and the Special Management Area.
Therefore, permit approvals will require more public hearings with the Board of Land and Natural
Resources and the City Council prior to construction. As a result, there will be additional

opportunity for public input,

¥



JEREMY HARRIS, Mayor
WALTER O. WATSON. JR , Cnairmas

CITY AND COUNTY OF HONOLULU . MAURICE H. YAMASATO. Vice Chairman
630 SOUTH BERETANIA STREET \ } agzuusg:\:ﬁst{i:
i HONOLULU, HAWAII 96843 FORREST O, lMURPHY

' PHONE (808) 527-6180 KENNETH E, SPRAGUE

FAX (808) 533-2714 May 31, 1996 BARBARA KIM STANTON

- BOARD OF WATER SUPPLY

RAYMOND H. SATO
Manager and Chief Engineer

- TO: THE HONORABLE JEREMY HARRIS, MAYOR

. CITY AND COUNTY OF HONOLULU

FROM: #¥OR RA . s CHIEF ENGINEER
- BOARD OF W.

SUBJECT: FORMAL ACCEPTANCE OF THE FINAL ENVIRONMENTAL IMPACT

-, STATEMENT (FEIS) FOR THE BOARD OF WATER SUPPLY’S (BWS)
= KAILUA 272’ RESERVOIR, KAILUA, OAHU, TMK: 4-2-03: PORTION 9,
- 16 AND PORTION 17

We transmit the FEIS for the Kailua 272’ Reservoir project and request your acceptance.

g BWS has completed the FEIS in accordance with the requirements of Chapter 343, HRS.
) We have determined that the document fulfills the definition of an Environmental

) Impact Statement and adequately describes and discloses all identifiable environmental

impacts. In addition, all comments submitted during the public review period have

received satisfactory responses and have been appended to the FEIS. The acceptance of

the statement is an affirmation of the adequacy of the statement under applicable laws
and does not constitute an endorsement of the proposed action.

I Therefore, as the accepting authority specified in Chapter 343-5, (b), (2), HRS, and in
- compliance with City and County Directive 89-2, dated May 25, 1989, we respectfully
request your acceptance of the FEIS for the Kailua 272’ Reservoir.
I
- If you have any questions, please contact me at 527-6180.
‘TI Enclosure
4
ACCEPTAN
|
% [ 1-2-8b
JEREMY , MAYOR Date

o
! Ll . . .
| Pure Water . .. our greatest need — use it wisely
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CHAPTER 1
INTRODUCTION AND SUMMARY

PURPOSE OF THIS DOCUMENT

The City and County of Honolulu Board of Water Supply (BWS) proposes to construct a
4.0 million galion (MG) reinforced concrete reservoir on Puu O Ehu ridge, just south of the
abandoned Kailua 275° Reservoir site. Kailua has no water sources and is served by sources
as far away as Punaluu. The proposed reservoir will eliminate the current water storage
deficit problem in the Kailua service area. Specifically, the proposed reservoir will provide
additional storage capacity for the Kailua 272 system which is part of the BWS’s Windward
Low Service Water System. The BWS has determined that an environmental impact
statement (EIS) is required for the proposed Kailua 272 Reservoir project, pursuant to
Chapter 343, Hawaii Revised Statutes. The determination has been based primarily on the
project’s potential impact on the physical environment.

SUMMARY OF DEVELOPMENT

Applicant: Board of Water Supply
City and County of Honolulu
630 South Beretania Street
Honolulu, Hawaii 96843

Property Owner: The Trustees of the Kapaza Trust and
Michael and Patricia Gorelangton

Accepting Authority: Office of the Mayor
City and County of Honolulu
530 South Xing Street, Room 300
Honolulu, Hawaii 96813

Preparer of Final EIS: Engineering Concepts, Inc.
250 Ward Avenue, Suite 206
Honolulu, Hawaii 96814

Proposed Action: Installation of a 4.0 million gallon reinforced concrete reservmr,
transmission main, and associated appurtenaaces

Project Name: Kailua 272 Reservoir

Projeci': Location: Kailua, Oahu, Hawaii

TMK: 4-2-03:16, portion of 9 & 17

Area of Application: Approximately 1.4 acres

1-1
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Existing Uses: Undeveloped and unimproved land; pasture land;
Site of abandoned 275 reservoir

State Land Use District:  Conservation and Urban
Development Plan Designation:
Land Use Map: Preservation and Agriculture

Public Facilities Map: Ordinance 92-14 establishes a water
~ reservoir modification symbol, site
determined, within six years

Zoning: P-1 Restricted Preservation and Country
Special Management Area

FROJECT OBJECTIVES

The objectives of the BWS are to manage and operate Oahu’s municipal water system in a
reliable and sound manner. To this end, the objectives of this project are to—

1. Increase storage capacity of the Kailua low service area (part of the Windward
Low Service System) as a step in achieving the standards of BWS;

2. Provide reliable water service to consumers; and
3. Supply water during peak demand periods and for fire fighting purposes.

The total reservoir capacity needed for the Kailua low service area is 9.6 million gallons
(MG), based on the BWS municipal system standard for reservoir storage volume. This
standard requires a reservoir storage volume which can sustain the maximum day demand of
the service area. The existing effective reservoir system capacity is 6.3 MG, or 3.3 MG less
than required by BWS standard (data from Board of Water Supply).

Adequate storage provides operational flexibility and reliability. The existing reservoirs
cannot accommodate peak hour demands without being supplemented by increasing pumpage
from other sources. Adequate storage allows water sources to be pumpeqd at a steady state
which provides consistent water quality. Increased fluctuating pumpage from the relatively
thin windward aquifers could cause up-coning of brackish water which degrades the water
source.

Adequate storage capacity will also ensure that fire protection services will be available to
Kailua residents during maximum day demands. With substandard storage, pumps would
have to provide supplemental water during fires. Main breaks may disrupt water service and
reduce the level of fire protection since the water sources serving Kailua are as distant as
Punaluu.

1-2
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PROJECT AND SITE DESCRIPTION

The proposed Kailua 272 Reservoir will be constructed on the northwestern portion of

Puu O Ehu ridge near the entrance of Kailua Town, south of the intersection of Hamakua
Drive and Kailua Road (Figure 1-1). The designation *272* refers to the maximum water
level measured in feet above mean sea level (MSL) or spillway elevation to be incorporated
in the reservoir design. The configuration of the proposed reservoir is a circular tank of
4.0 MG capacity, approximately 185 feet in diameter and 22 feet in height, with a base pad
elevation of 252 feet MSL. In addition to the reservoir tank, the proposed project will also
include construction of a concrete access road, transmission main, instrument house,
landscaping, irrigation system, retaining wall, and fencing and demolition of the abandoned
Kailua 275 Reservoir. Approximately 1,500 linear feet of 24-inch transmission main will be
required to connect the proposed reservoir to an existing BWS transmission main in Kailua
Road.

The proposed reservoir site is characterized by near surface brown and reddish brown clayey
gravelly silt with an underlying layer of weathered basalt in the form of brown silty gravel
and boulders and a layer of fractured rock basalt. Vegetation consists of koa-haole shrubland
on the slope and open grassy scrub on the top of the ridge.

The proposed reservoir site presently straddles the Urban and Conservation District
boundaries established by the State Land Use Commission and Preservation (P-1, Restricted)
and Agriculture designations of the City and County Land Use Development Pian,

SUMMARY OF POTENTIAL IMPACTS
Physical Environment

Construction of the proposed reservoir will resuit in changes to portions of the existing
topography of Puu O Ehu ridge. Excavation of the ridge up to 50 feet in depth will be
required. However, cut slopes will be stabilized due to the anticipated rock subsurface. Soil
erosion potential is expected to increase during the construction period due to displacement of
vegetation and exposed excavated ground,

A soils investigation for the proposed reservoir site indicated the structure foundation is
expected to rest on stable basaltic bedrock overlying clayey gravelly silt and silty gravel.,
Approximately 35,000 to 50,000 cubic yards of basalt will be removed. Cut slope in rock
should not exceed a ratio of 0.5 horizontal (H) to 1 vertical (V); in weathered rock material,
1H to 1V; and in soils, 2H to 1V. :

Flora/Fauna
A field survey to inventory vascular flora and identify threatened or endangered plants at the

proposed reservoir site concluded that the proposed project would not pose a significant
impact on botanical resources. Introduced or alien species are the dominant components of
the project site vegetation.
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Avifauna and feral mammals were observed at the site. The adjacent Iand is used
periodically for the raising of horses. The survey concluded the project is not expected to
have any significant impact.

Archaeology
An archaeological inventory survey of the proposed reservoir site identified no archaeological

sites in the project area. No significant impacts are anticipated due to construction of the
proposed Ieservoir.

Traffic
Traffic will be affected in two ways for the short-term. The number of construction vehicles

using the private access road will increase. Installation of the new water main along the
private access road will also temporarily reduce the roadway width. Once the reservoir is
constructed, no long-term impacts are anticipated.

Noise and Air Quality

Approximately 50,000 cubic yards of earthwork will be excavated using excavation
equipment and/or blasting. Temporary noise and dust impacts will accompany this activity.
Noise and dust will also be generated by construction vehicles and equipment. Adjacent
residences and Kailua High School would be affected during the construction period.

Visual Impact -

The reservoir will be visible from several locations in Kailua; however, landforms and
vegetation will partially obstruct the view. One important view cited in the City and County
of Honolulu’s Development Plan Special Provisions for Koolaupoko is the view of Puu O
Ehu ridge from the Kaelepulu Pond area. This view will not be significantly affected by the
project since only portions of the reservoir will be seen from the Kaelepulu Pond area. The
reservoir will be situated is the northwest portion of Puu O Ehu ridge. In addition, Puu O
Ehu ridge cannot be seen from the entire Kaelepulu Pond area because land forms between
the two areas partially obstruct the view (see visual impact analysis).

Puu O Ehu ridge is prominent from view angles along the Pali Highway and in Kailua Town.
The visual impact of the proposed reservoir from these view angles will be minimized as
much as possible.

The aesthetic impact of the reservoir on Puu O Ehu ridge is discussed in Chapter 3.
Mitigation measures to screen the reservoir from affected views are also discussed. Several
affected views of the reservoir are depicted in the photographic representations.
UNAVOIDABLE ADVERSE IMPACTS

The following unavoidable adverse impacts have been identified:

1. Short-term impacts during construction, including noise, air quality, and
traffic.



2. Alteration of the appearance of the ridge due to the size of the reservoir and

cuts in the hillside and hilltop.

N
. SUMMARY OF PROPOSED MITIGATION MEASURES
) , Erosion an iment Con
o 1. Seed the disturbed area after grading.
~ 2. Minimize erosion by diverting storm runoff away from graded areas and
~3 preventing water from flowing across slope faces.
5

3. Install temporary erosion control berm, silt fence, filter berm, sediment traps,
— and filter inlets where needed.
(J .

4, Require the contractor to remove all loose rocks and boulders after grading is
1 completed and restore disturbed areas to original condition to reduce the
! hazard of rock slides.
) Drainage

1. Alleviate drainage impacts by site grading and installing drainage structures to
"_';' divert surface water away from the reservoir foundation and the edges of the
- cut slopes.
*i 2. Provide drainage swales and/or other catchment and conveyance structures
'—' along the access road.

Y
-

3. Construct drain line to convey runoff off site.

(S R

1. Minimize the impact on traffic flow during the construction period by the use
of proper signs, barricades, police/flag men, etc. to ensure €ase and safety of
motorists and pedestrians.

.

Limit construction activity liable to affect traffic to non-peak hours, generally
between 8:30 am and 3:30 pm, Monday to Friday (excluding holidays).

uali

D T
= o

1. Shorten the duration of excavation activities by blasting.

2. Implement dust control measures such as sprinkling, mulching, or installing
temporary vegetative cover. Water the disturbed areas periodically.

S

C
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3. Minimize noise impacts by limiting construction operations to daylight hours,
generally between 7:00 am and 3:30 pm, Monday to Friday (excluding
holidays). Restrict blasting operations which exceed 95 dBL at residences and
schools to the hours between 9:00 am and 5:30 pm.

4, Use noise abatement equipment as stipulated in the noise permit issued by the
Department of Health.

5. Minimize noise impacts to Kailua High School by scheduling major excavation
activities during the summer months where possible.

6. Impose strict controls on blasting activities by reducing maximum air blast
levels to less than 110 dBL at the nearest noise-sensitive schoo! or residence.

7. Schedule blasting during warm periods of the day to minimize the possibility of
thermal ducting.

1. Construct an earth berm against a 10-ft high retaining wall partially encircling
the reservoir tank to screen the tank from affected views,

2. Minimize the visual impact with landscaping, including plantings around the
reservoir tank and cut slopes.

3. Paint the walls of the reservoir structures to blend with the background.
4, Keep the facilities and grounds well maintained and paint the reservoir
regularly.
COMPATIBILITY WITH LAND USE PLANS AND POLICIES
The project will be compatible with State and City and County of Honolulu land use plans and
policies.
ALTERNATIVES CONSIDERED
The following alternatives were considered:
1. No action

2. Alternate reservoir configurations
a. Construction of smaller reservoirs

1-7
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b. Construction of taller reservoirs
c. Construction of underground reservoirs
d. Construction of elevated tanks

3. Alternate reservoir locations
a, Site of old abandoned Kailua 272 and 275 tanks

b. Pohakupu site

c. Other sites
4. Replace 1.0 MG Pohakupu Reservoir with a2 5.0 MG structure
5. Refurbish existing abandoned storage tanks

6. Install emergency power generators at well sites(s)

RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM
PRODUCTIVITY

The proposed reservoir will enhance long-term productivity by enabling the BWS to increase
total storage capacity in the Windward District to operating standards for reliability. There

will be no long-term losses in terms of land use since the land has been designated for use for
public facilities. No long-term risks to health or safety are anticipated.

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES
Irreversible and irretrievable resources committed to the project include funds, labor, energy,
and raw materials required to construct and operate the facility. Permanent changes to the
existing ridge would result from the excavation for the reservoir.

UNRESOLVED ISSUES

The following issues remain unresolved:

1. Method of excavation to be employed for removal of approximately 50,000
cubic yards of earth will be determined by the contractor.

2. A visual impact analysis has been prepared; however, community concerns still
exist.

3. Noise disturbance, particularly to livestock, is a concern of neighboring

landowners due to the possible installation of a civil defense siren warning
device at the site.

1-8




L..._.] P

—

e

v
-

-

o

(L)

-~
-

O T SRR T

A

&

L3

4. Location of the new storm drain discharge point at Kailua Road will be
coordinated with the Department of Transportation.

Approval Required
Building Permit

Grubbing, Grading &
Stockpiling Permit

Variance from Pollution
Controls

NPDES Hydrotesting Permit
Noise Permit

Conservation District Use
Application

Special Management Area
Use Permit

Permit for Work Within
State Right-of-Way

Permit for Connection to the

State Highway Drainage System

Permit for Discharge into the

State Highway Drainage System

(for Hydrotesting)

NECESSARY PERMITS AND APPROVALS

Authority
City Building Department

City Department of Public Works

State Department of Health

State Department of Health
State Department of Health

State Department of Land & Natural Resources

City Department of Land Utilization

State Department of Transportation

State Department of Transportation

State Department of Transportation

1-9
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CHAPTER 2
DESCRIPTION OF THE PROPOSED PROJECT

NEED FOR THE PROJECT

Background
As water purveyor for the City and County of Honolulu, the Board of Water Supply (BWS)

is responsible for the management, control, and operation of Oahu’s municipal water system.
The BWS is charged with furnishing communities a reliable water supply that, in quality, is
safe for human consumption and sustenance and that, in quantity, is ample both for everyday
domestic uses and for emergency protection of life and property in the event of fire.

To accomplish these objectives, the BWS develops and operates wells and tunnels that yield
high quality water, which in turn feed large transmission pipelines that deliver potable water
to a network of water mains and storage reservoirs. Situated at strategic elevations near the
serviced community, reservoirs basically serve a dual purpose. First, as storage tanks,
reservoirs must maintain an adequate amount of water for consumption and fire fighting use,
especially during times of power outages which cripple and prevent well pumps from
sustaining the water supply system. Second, as elevated distribution tanks, reservoirs operate
solely by gravity to reliably produce acceptable pressure levels in the mains for delivering
water to users’ taps and street hydrants. In having elevated reservoirs of adequate capacity,
communities are ensured that water demand for all purposes will be met, especially during
extended time periods of power loss and disruption to the transmission network.

urren Yvoir ity of il ice A
Presently, wells and high level tunnels supply water to a number of reservoirs in the BWS’s
Windward Oahu service district, which extends from Punaluu in the north to Waimanalo in
the south. The Kailua low service area is part of the Windward Oahu service district and is
comprised of the communities of Coconut Grove, Kailua Town, Lanikai, Enchanted Lake,
Olomana, Kukanono, and Pohakupu,

The locations of reservoirs in the Kailua low service area are shown on Figure 2-1, while a
schematic profile of water sources and reservoirs in the Kailua and Kaneohe service areas is
shown on Figure 2-2.

Reservoir capacities in the Kailua low service area are listed below.

Low Service Area: Reservoir Capacity Effective Capacity,
Kailua Heights 272 (Kailua) 0.3 MG 0.3 MG
Pohakupu No. 1 272 (Kailua) 1.0 MG 1.0 MG
Pohakupu No. 2 272 (Kailua) 6.0 MG 3.0MG
Kapaa 272 (Kaneohe) 2,0MG 20MG
LOW SERVICE TOTAL 9.3 MG 6.3 MG

The Pohakupu No. 2 272 Reservoir has a volume capacity of 6.0 MG. However, 3.0 MG of
storage capacity is already committed to regional operational requirements to provide water

2-1
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to Waimanalo, with any excess water conveyed toward Hawaii Kai. This 3.0 MG is not
available for Kailua’s storage needs. Hence, the effective reservoir capacity allocated to
Kailua is 3.0 MG for Pohakupu Reservoir No. 2.

The list of reservoirs shown above is limited to reservoirs servicing areas located in Kailua
below the 172-foot elevation. This list does not include the Kailua Heights No. 1, Kailua
Heights No. 2, and the Maunawili 500 reservoirs, which service areas above the 172-foot
elevation (commonly referred to as the Kailua High Service System). The high and low
service zones are operated as separate and distinct systems; otherwise, high level tanks will
exert extraordinarily high pressures on the low level system water mains, which would likely
rupture water lines and home plumbing fixtures.

Kailua Low Service System Improvements

In 1991, the average water demand imposed on the Kailua low service system was

6.4 million gallons per day (mgd). At this consumption rate, the effective storage capacity
of the existing reservoir system is equivalent to slightly less than one day’s water supply.
An aggregate effective storage capacity of 9.6 million gallons is actually needed to meet the
BWS's storage requirement standard of one and one-half day’s supply to meet the maximum
day demand.

To alleviate the present shortage in reservoir storage capacity, the BWS is proposing to
construct a 4.0 MG reinforced concrete reservoir as part of the low service system, This
Kailua 272 Reservoir will improve the reliability of water supply and enhance fire protection
capability afforded to Kailua and other Windward Oahu residents. The "272" designation
refers to the maximum water level (or spillway elevation in feet above sea level) of those
reservoirs dedicated to serving the low lying areas. This proposed reservoir will also replace
the capacity void of two Kailua low service reservoirs (1.5 MG Kailua 272 and

0.3 MG Kailua 275) that were removed from service in 1986 because of deterioration and
age, and abandoned reservoirs at Lanikai (0.2 MG) and Kailva Heights (1.0 MG). This
abandonment of the four reservoirs resulted in a 3.0 MG decrease in reservoir storage
capacity in the Kailua area.

This proposed 4.0 MG reservoir primarily aims to alleviate an operating shortfall of 3.3 MG
in storage capacity. Secondarily, it will also serve with the Pohakupu No. 2

(6.0 MG) reservoir as a second main regional tank for the Kailua area that will henceforth
safely allow BWS maintenance personnel relief to temporarily remove a vital, large tank
from service for routine inspection, cleaning, and repair, without risk of loss of fire
protection capability or interruption of service to customers at peak water demand episodes.

Puu O Ehu ridge, the site of the old abandoned 1.5 MG and 0.3 MG reservoirs, is proposed

as the site for this 4.0 MG concrete tank. The project site is on that portion of the ridge
above the community of Old Kukanono. ;

PROJECT SITE
The project site is located near the entrance of Kailua Town, just south of the intersection of

24
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Hamakua Drive and Kailua Road, in proximity to the sites of the demolished Kailua 272 (1.5
MG) steel reservoir and the abandoned Kailua 275 (0.3 MG) concrete reservoir, as shown on
Figure 1-1. The proposed site overlooks Kawai Nui Marsh to the west and the community
of Pohakupu to the south. The communities of Enchanted Lakes and Keolu Hills lie to the
east and Kailua Town toward the north.

The 1.4-acre site straddles the northwestern portion of Puu O Ehu ridge and is situated on a
xnoll with moderate to steep slopes. Maximum slopes are up to 50 percent. The highest
elevation within the project site is approximately 300 feet mean sea level (MSL).
Residences are located to the south and southwest of the project site. Lands adjacent to the
site from the northwest to easterly direction are currently open or undeveloped.

Portions of the proposed reservoir site are presentty used for grazing cattle and horses, while
the remainder is open lands. Vegetation consists of koa-haole shrubland on the slopes and
open, grassy scrub on the top of the ridge.

hi
The Trustees of the Kapaa Trust and Michael and Patricia Gorelangton own portions of the
proposed reservoir site.

Land Use Designation and Controls

The proposed reservoir and access road are situated within the State "Urban" and
"Conservation” land use districts. Principal uses in these designations include public
utifities; and the proposed reservoir is consistent with existing land use. See Figure 2-3 for
state land use designations.

The reservoir and access road are on land zoned Preservation (P-1) (Restricted), and Country
by the City and County of Honolulu. See Figure 2-4 for county zoning designations.

DESCRIPTION OF THE PROPOSED FACILITIES
The project consists of the following elements:

e A 4.0 million gallon capacity concrete reservoir

e A 12-foot wide concrete access road between an existing private access road
and the reservoir

e A 3-foot wide service walkway surrounding the reservoir

o A 10-foot high retaining wall surrounding a portion of the reservoir with a
landscaped earthen berm on the exterior face

e A 24-inch diameter water main connecting the reservoir to the existing water
system at Kailua Road

e  Landscaping and a landscape irrigation system

. Storm drain system; drainage swales; inlet/outlet structures; perimeter fencing
and security gate; instrument house for water level sensor, indicator, and
controls '

2-5
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e  TFacilities for monitoring residual chlorine levels in the reservoir (final rule
anticipated to be issued by the federal government in mid-1997)

In addition, the abandoned 0.3 MG Kailua 275 reservoir will be demolished and removed.

Reservoir

The proposed Kailua 272 reservoir will be a circular concrete tank 185 feet in diameter and
29 feet in overzall height. The reservoir will be covered to protect the water against
contamination and deterioration by algal growths stimulated by sunlight. Elevation of the
tank floor will be 252 feet above mean sea level (MSL). Spillway elevation in the reservoir
will be 272 feet MSL. A perimeter walkway and drainage swale will encircle the reservoir
to allow operations personnel to inspect, maintain, and repair the structure and ancillary
equipment. A retaining wall, approximately 10-ft high, will encircle portions of the
reservoir and walkway to minimize the visual impact of the tank from surrounding areas.
The site occupied by the reservoir and encompassed by the perimeter fence is approximately
1.4 acres. Because the reservoir foundation must be constructed on firm ground, its
centerline nearly coincides with the ridge line, and large cuts are required in the hillside. A
reservoir site plan is illustrated on Figure 2-5 and typical sections are depicted on Figure 2-6.

The reservoir, roads, drainage structures, landscape, and perimeter fence will be constructed
according to Board of Water Supply standards. In addition, the reservoir will be structurally
designed for Category 3 earthquake loads, which is one level of stringency above the
standard for buildings on Oahu.

Access Road
A 12-foot wide, all weather access road will be constructed from an existing private road to

the reservoir site (Figure 2-7). This concrete access road will permit maintenance vehicles to
routinely access the reservoir grounds and thereby allow personnel to regularly perform
operation and maintenance tasks at the site.

The site is accessible from Kailua Road via a paved private road and an existing reservoir
access dirt Toad. The rural nature of the private road will be retained after construction.
Grades of the private road vary from 11 to 17 percent. The road has no curb, sidewalk, or
gutter. Portions of the existing access road that will be reused will require reconsiruction for
road widening and removal of overgrown vegetation. A road of reinforced concrete
pavement will be constructed for ease of vehicle access. Profile and sections of the road are
illustrated on Figures 2-8 and 2-9.

Transmission Main

A single-feed 24-inch water main will be constructed to connect the proposed reservoir to the
existing water main along Kailua Road. Alignment of the water line will follow the route of
the existing private road to elevation 120 feet, and continue upwards toward the ridge. The
route is approximately 1,500 feet long, but construction difficulties are expected to be

Installation of this transmission main will afford opportunities for the Old Kukanono
Community residents in this area to connect to the main and permit abandonment of an old,

2-8
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corroded 3-inch private waterline. Additionally, fire hydrants will be installed along the
private road to upgrade this area’s fire protection capabilities.

raina
Storm runeff will be collected in swales and catch basins at the shoulder of the access and
reservoir perimeter roads and conveyed through underground drain pipes to a 24-inch storm
drain system paralleling the access and private roads. Storm runoff will be released along
with other area wide runoff into Kawai Nui Marsh at a point across Kailua Road (Figure 2-
7). The storm drain system within Kailua Road is under State DOT jurisdiction. Reservoir
overflow and washout will also be discharged through this same drainage system and release

point.

Presently, the private road leading to the proposed reservoir site does not have an
underground drainage system, resulting in overland storm runoff, The drainage system
improvements will reduce the amount of overland runoff experienced by the Old Kukanono
Community residences,

Landscaping

Landscaping will consist of plantings on the slopes around the reservoir. In recent years,
with an emphasis on facility aesthetics, the Board of Water Supply has given increased
attention to the landscape of its facilities. Plants for ground cover and trees for visual
screening are selected according to the aesthetic needs for each project. Landscaping
features plant species that are tolerant to dry conditions for year round growth and species
that will adequately ameliorate the visual effects of the reservoir and surrounding slopes.
For this project, the tank periphery landscaping will incorporate existing vegetation to blend
with the surroundings.

Other Faciliti
It is anticipated that the federal government will require chlorination of the water supply.

Once enacted, (perhaps in mid-1997), the Board of Water Supply will implement the rule,
including monitoring of residual chlorine levels in the reservoir. Sampling ports will be
provided for this purpose.

Associated with the reservoir will be electrical and telephone services required to operate
telemetry equipment that regularly monitor tank water level and transmit readings to the
BWS Beretania Street central station.

Fencing topped with barbed wire will also be installed completely around the reservoir and
associated slopes, and a locked gate at the access road will control unauthorized entry to the
reservoir grounds.

Civil Defense Siren

The State Civil Defense has been granted permission to install a civil defense siren warning
device at the reservoir site. Maintenance of the siren will be the state’s responsibility.
Should the state decide to install the siren, concems of neighboring residents must be

addressed.

2-14
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CONSTRUCTION ACTIVITIES

Dempolition

As part of this project, the abandoned 0.3 MG concrete reservoir will also be demolished and
the site cleared of remnants of the old reservoir system. Structures that will be dismantled or
demolished and disposed offsite are valve box manholes, exposed 8-inch and 12-inch
pipelines and valves, and miscellaneous concrete structures and metalworks. Demolition
methods may involve use of small crane and wrecking ball, bulldozer, heavy equipment, hoe-
ram pneumatic jackhammers, and concrete cuiting hydraulic scissors.

Following demolition and cleanup work, the old reservoir site might temporarily serve as the
contractor’s staging area for ready-mix cement trucks and concrete pump trucks needed for
concrete pours for the new reservoir, The grounds will finally be graded and planted with
ground cover plants and restored to closely resemble its surroundings.

Final disposition has not yet been determined for these BWS owned lands.

Grading

Excavation and grading will be required to prepare a suitable foundation for the proposed
reservoir. A preliminary grading plan for the site showing the approximate limits of grading
activity is illustrated on Figure 2-5.

Prior to earthmoving activities, the area within the grading limits will be cleared and grubbed
of all vegetation and debris and a temporary earth berm or other appropriate perimeter
erosion control measure will be constructed to minimize offsite sediment transport, Rough
grading of the access road will begin first, followed by installation of the water main beneath
the roadway and laying of the access road base course. The steep grade of certain sections
of the access road may necessitate that it be paved before construction vehicles use the road.

Side slopes for the access road will be constructed at 1/2H:1V to 3/4H:1V (horizontal to
vertical) slopes according to the findings of a soils investigation performed at the site. This
will provide a stable slope in exposed layers of basalt formation. Cut slopes exposing the
surface soils, estimated to be about four feet desp, will be contoured at a gradient of 2H:1V
for stability.

At these side slopes, the approximate earthwork quantity for excavation of the roadway and
reservoir is approximately 50,000 cubic yards. Excavation depth averages from 30 to 40
feet, with maximum excavations up to 50 feet.

Following grading, work on the reservoir structure will proceed with the laying of interior
piping and reinforcing steel and concrete forms for the reservoir floor. Ready-mix concrete
will then be trucked to the reservoir site and placed in the forms in several pours. After
curing of the foundation, the concrete walls and columns will be erected, followed by the
concrete roof. Construction of the retaining wall, drainage system, landscape irrigation
system, paved access road, landscaping, and security fencing, and cleanup and testing will be
the final steps to this project.

2-15
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Some flexibility is possible in construction methods and

be done in sections in combination with other site work.

FROJECT SCHEDULE, CONSTRUCTION COST, AND FINANCING

sequence whereby some work may

Start of consu'uction will largely depend on the availability of capital improvement project

(CIP) funds; but it is expected that the project will begin in 1997 and be completed in 1998.

Estimated construction time is 365 calendar days. The construction cost is projected to be
approximately $12.5 million, with funds provided by the Board of Water Supply’s water

system facilities charges account and other revenues. An increase in water rate due to this
project is not anticipated.

A tentative construction schedule is as follows:

1.
2,

Demolish abandoned concrete tank and appurtenances

Clear and grub site

‘Construct temporary earthen berm for erosion control

Mass grade reservoir site and grass all dirt slopes and
exposed dirt areas, construct 24-inch water main

Construct 18-inch and 24-inch drain lines and reservoir
access road subbase

Construct reservoir, retaining wall, perimeter fencing,
and landscape irrigation system

Test reservoir, water main, and grounds irrigation system

Construct base course and pave access road, install
landscape plantings

Remove temporary earthen berm and restore area to its
natural condition

Approximate construction time (some work will occur concurrently)

2-16

Duration
10 days

12 days
9 days

135 days
30 days

120 days
15 days

24 days

365 days




CHAPTER 3
ASSESSMENT OF EXISTING CONDITIONS AND
PROBABLE IMPACTS AND MITIGATION MEASURES

PHYSICAL ENVIRONMENT
Existing Conditions

Geology and Topography

The island of Oahu was formed by the Waianae and Koolau volcanoes. In the ancient
Hawaiian system of land division (zhupua’a), the Kailua District, which is located in the
center of the extinct Koolau Volcano, extended from the top of the Koolau Range to the
shore along two high ridges. The ahupua’a of Kailua included Waimanalo in the southeast to
northwest of Kaneohe and from the eastern base of the Koolau Range on the southwest to
inshore of Mokulua Islands to the east. Kailua formerly contained two ocean embayments,
and the remains of these two are Kawainui Marsh and Enchanted Lakes (formerly Kaelepulu
Pond).

Two series of lava flows comprise the greater part of the Koolau Range. The Kailua
volcanic series, a dense volcanic plug, covers most of Kailua Town and Kawai Nui Marsh,
while the Koolau volcanic series comprises the greater part of the Koolau Range.

The process of erosion has created a topography characterized by relatively steep slopes and
irregular ridges. Elevations range from sea level at Kailua Bay to over 2,000 feet at the
crest of the Koolau Range.

The proposed site is located on an eroding ridge near Kailua Town on the northwestern end
of Puu O Ehu ridge. The ridge is approximately 5 to 15 feet wide and drops sharply to steep
terrain. The site has slopes extending downward toward the northeast and southwest on the
order of 20 to 40 percent. Elevations at the site (Figure 3-1) range from 250 fo 300 feet
above mean sea level (MSL).

Soils

The Soil Survey prepared by the U.S. Department of Agriculture, Soil Conservation Service,
identifies the near surface soil in the area of the proposed project as Papaa clay (PyE), on 20
to 35 percent slopes. The clay is formed in colluvium and residuum derived from basalt.
Papaa clay is usually very dark brown in color and has a sticky and plastic consistency. This
soil is characterized as being suitable for pasture usage because of the difficulty in working
on the stopes and its moderate to severe erosional hazard. The Soil Survey gives Papaa clay
a Unified Soil Classification of CH, which may indicate a high expansion potential.

The Soil Survey also indicates that a thin layer of reddish brown and gray silty clay loam

underlies the surface clay. The loam generally exhibits moderate shrink-swell potentials.
Below the silty clay loam, the soils transition to weathered rock and rock.

3-1
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The soil exposed along the slopes generally confirm data in the Soil Survey. The surface
soil was visually classified as brown and reddish brown clayey silt. Isolated areas also
exposed mottled orange brown clayey silt.

Rock outcrops were observed in numerous areas, particularly along the westemn slopes. A
relatively consistent basalt stratum or ledge was observed along the western slope face, about
75 feet below the ridge line, The basalt was fractured but only slightly weathered.

Runoff is medium to rapid, and workability is difficult.

See Appendix B for soils feasibility report prepared by Ernest XK. Hirata & Associates, Inc.
in April 1992,

Climate

The climate in the Kailua area is affected by its windward and coastal location. Tradewinds
from the east or northeast are not obstructed by land forms and provide good ventilation.
When the tradewinds are absent or weak, land or sea breezes or mountain-induced circulation
may develop. Extreme temperatures may range from the mid-50s to the low-90s, while the
average range is 68 to 79 degrees F. There are only two seasons: summer (between May
and October) and winter (between October and April).

Spatial and temporal distributions of rainfall are pronounced in the Kailua area. The
orographic effect of the Koolau Range produces most intense rainfall in areas nearest the
summits of ridge lines. Average annual rainfall ranges from 45 to 75 inches. The wet
season is usually from October to April, with the highest rainfall in March and the lowest
rainfall in June. Winter storms from October to April bring the heaviest rains to the island.

Kailua is subject to moisture-laden northeast tradewinds about 75 perceat of the year. Wind
speeds range between 10 and 25 miles per hour, with prolonged periods of calm and low
velocity wind patterns.

Drainage

The drainage pattern in the project area is shown on Figure 3-2, Storm water runoff from
the urbanized lands of Old Kukanono Community and the hillside lands above it travels
overland to Kailua Road into State Department of Transportation storm sewers that discharge
into Kawai Nui Marsh. The private road of this residential community to which the new
reservoir access road will connect has no drainage system.

According to the Federal Emergency Management Agency’s Flood Insurance Rate Map
(FIRM), the project site is located outside the 500-year flood plain (FIRM, Panel no.
150001-0090-C, September 28, 1990).

Prghable Impacts

Geology and Topography
Large-scale grading will result in major changes to the existing ridge. Excavation will
require cuts as deep as 50 fect. ,
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Erosion

During construction, soil erosion may occur due to excavation and grading. A soil erosion
assessment based on the City and County of Honelulu’s Soil Erosion Standards and
Guidelines was performed. A project’s Severity Rating Number (H) indicates the degree of
hazard from potential damage due to erosion and sediment. The maximum allowable value
of H for Oahu is 50,000. For the Kailua 272 Reservoir project, the value of H is less

than 48.

Drainage

The amount of runoff generated within the boundary of the 1.4-acre reservoir site and paved
access road is estimated to be 6 cubic feet per second (cfs) for a storm intensity that has a 10
percent probability of occurring in any given year. Storm water runoff from the proposed
project site in its present vegetated condition is about 3.5 cfs. In altering the ground cover
features, the project will increase runoff by about 2.5 cfs. Compared to the 36 cfs of total
runoff estimated to occur presently from these hillsides and residences, this additional runoff
comprises only about seven percent of the total amount.

During non-storm conditions, the drainage system may receive reservoir tank overflow and
tank wash water. However, such occasions seldom occur in routine operations. The
reservoir will be drained only during instances where interior cleaning work is required, such
as to rid the reservoir of accumulated sediment or to perform interior structural inspections.

Proposed Mitigation Measures

Erosion Control

The surface clay, which may be highly expansive, will require removal prior to placement of
structural fill. In addition, cut slope gradients of 2H:1V (horizontal to vertical) may be used
for slopes exposing the surface soils. Cut slopes in rock should not exceed a ratio of
0.5H:1V and, in weathered rock material, 1H:1V.

Clearing and grubbing will be done in accordance with Chapter 23, “Grading, Soil Erosion
and Sediment Control," of the Revised Ordinances of Honolulu, 1978, as amended
(Ordinance No. 81-13). In addition, grubbing will be done in accordance with Chapter 54,
"Water Quality Standards," and Chapter 55, "Water Pollution Control," of Title 11,
Administrative Rules of the State Department of Health. The graded area will be planted or
sodded after grading is completed. Landscaping will be maintained by BWS upon
completion of construction.

An erosion control plan will be prepared and submitted for approval to the City and County
of Honolulu. The erosion control plan will identify specific best management practices
(BMPs) which will be employed to minimize erosion and offsite sediment transport from the
site. These BMPs may include installation of an earth berm, silt fence or other appropriate
control measure along the downsloping perimeter of the site to contain sediment on site;
placement of erosion control matting or hydromulching with seeds to stabilize bare cut
surfaces; and construction of a graveled ingress/egress for use by trucks at the entrance of
the construction site to minimize tracking debris onto paved streets.
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Due to Iocation of the project within the Conservation district, construction activities will
also be subject to conditions of the CDUA. Applicable standard conditions pertaining to
erosion control include:

13-5-42(2)(17) During construction, appropriate mitigation measures shall be
implemented to minimize impacts to offsite roadways, utilities, and public facilities;

13-5-42(a)(18) Cleared areas shall be revegetated within thirty days unless otherwise
provided for in a plan on file with and approved by the department;

13-5-42(a)(19) Use of the area shall conform with the program of appropriate soil
and water conservation district or plan approved by and on file with the department,
where applicable.

Drainage

The impact of overland storm water runoff at the project site will be mitigated by
constructing inlets and swales to collect and convey the water into new 18- and 24-inch storm
sewers that will cross Kailua Road and discharge toward Kawainui Marsh near an existing
DOT drainage system headwall,

The reservoir’s perimeter walkway will be graded to channelize storm water into swales and
drain pipe inlets. A drainage system constructed alongside the existing private road

(Figure 2-5) will also have similar drain inlets at regular intervals to intercept storm runoff
directed at the residential areas below the project site. These improvements will not only
mitigate the storm water impacts of the constructed reservoir but will also reduce the amount
of surface runoff that occurs within the residential areas.

FLORA

istin nditi
A botanical survey of the proposed site was conducted by Char & Associates in March 1992
to describe the vegetation, inventory the flora, and identify any threatened or endangered
plants. See Appendix C for the complete report.

Twelve to eighteen-foot tall koa-haole shrubs (Leucaena leucocephala) are found on the
slopes. Green panicgrass (Panicum maximum var. trichoglume) forms a short, dense mat
under the koa-haole shrubs and occasional blue potato vines (Solanun seaforthianum) grow
over the koa-haole shrubs. Along the top of the ridge, where the vegetation is open and
grassy, the predominant flora include uhaloa (Waltheria indica), Klu (acacia famesiana),
Cuba jate (sida rthombifolia), and indigo (Indigofera suffruticosa).

There were 56 species inventoried during the field study. Of this amount, 53 species were

introduced, 1 may be of early Polynesian introduction, and 2 are probably indigenous. There
were no endemic, threatened, or endangered plants.
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Probable Impacts
The botanical survey revealed that there is little of botanical interest at the proposed site, and

the project is not expected to have any significant adverse impact on the botanical resources
at the site.

FAUNA

Existing Conditions
A survey of the avifauna and feral mammals was conducted by Phillip L. Bruner in
December 1991 for the proposed Kailua Gateway project, which abuts the proposed reservoir

site to the north below Puu O Ehu ridge.

No endemic land birds were recorded. Four endemic and endangered water birds were
observed throughout the wetlands associated with the proposed Kailua Gateway site. Several
migratory indigenous birds were observed. No nesting sea birds were observed. Fourteen
species of exotic (introduced) birds were recorded.

Mongoose and feral cats were observed. Cattle and horses were seen on the upper slopes
and in the wetlands.

Probable Impacts

Cattle and horses grazing on the slopes of the ridge may be displaced insofar as the area
around the reservoir will be fenced. In addition, blasting may affect the horses that are
stabled adjacent to the reservoir site. Otherwise, the project is not expected to have any
significant adverse impact on the fauna at the site.

HISTORICAL AND ARCHAEOLOGICAL RESOURCES

An archaeological survey and historical research were conducted by Cultural Surveys Hawaii
in February 1992 to determine the presence or absence of any archacological sites in the

proposed area. See Appendix E for the complete report.

No archaeologically-significant sites were found. There are numerous cattle trails along the
hillside, but no cultural material was noted along the trail or on top of the ridge. Portions of
the ridge top were previously graded for the construction of two reservoirs that are now
abandoned or demolished. It is not known if there were any archaeological sites in these two
areas prior to their construction.

Probable Impacts

No adverse impacts to archaeological resources are foreseen due to construction of the
project. ‘The nearest significant feature is the high point of Puu O Ehu ridge, about
1,500 feet southeast of the proposed reservoir site, which overlooks Kaelepulu Pond and
Kawai Nui Marsh,




Since no historic sites were found, the State Historic Preservation Division has determined
the project will have no effect on historic sites.

TRAFFIC

Existing Conditions
Traffic data of the State of Hawaii Department of Transportation’s Highways Division for
Kailua Road are depicted on Figure 3-3. Traffic counts taken in January 1991 indicate--

. The highest volumes on Kailua Road, fronting the project site, occur between
6:00 am and 8:00 am in the morning and between 4:00 pm and 6:00 pm in the
afternoon. Peak morning traffic exceeds 1,300 vehicles per hour in the
Honolulu-bound direction; peak afternoon traffic in the reverse Kailua-bound
direction is also at about 1,300 vehicles per hour. This reflects the daily
commuter traffic from Kailua Town into the business districts of metropolitan

Honolulu,

. Honolulu-bound traffic in the morming exceeds Kailua-bound traffic in a ratio
of 2.7:1. In the evening period, Kailua-bound traffic exceeds Honolulu-bound
traffic by a 1.6:1 ratio,

. During the hours of 9:00 am to 3:00 pm, i.e., the middle part of the day, the
directional split is nearly even at about 900 vehicles per hour in either
direction.

Existing traffic on the private access road which serves as entry to the reservoir site consists
of diurnal vehicle trips generated by eleven or so residences within that neighborhood.

Probable Impacts

The project will affect traffic in two principal ways. First, construction trucks will
temporarily increase the number of vehicles using the private access road leading to the
reservoir site, Second, installation of the new water main 2long the private access road and
connection to Kailua Road will temporarily reduce the available roadway width for traffic.,
All construction-related impacts will be temporary and will last only for the duration of
constructing this public facility and infrastructure.

It should be noted that, once constructed, the reservoir will generate virtually no traffic aside
from occasional operation and maintenance trips by BWS personnel vehicles.

The following will be covered in this section:

* Number, timing, and anticipated routing of construction vehicle trips
. Ability of the existing roadways to accommodate the forecast increase in traffic
volume

The project will generate construction vehicle traffic for the duration of the various phases of
work, starting with site preparation (includes excavation, grading, and roadway paving) and
erection of the concrete reservoir and construction of the water pipeline.
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To estimate the number of large truck trips that will be generated during the site preparation
phase, the following assumptions are made:

. Excavation volume = 55,000 cubic yards
o Average truck capacity = 18 - 20 cubic yards
. Number of truck loads per hour = 8 to 10 loads/hr

Based on these assumptions and with hauling operations between the hours of 8:30 am and
3:30 pm, approximately 56 to 70 truck trips per day will occur to dispose of excess
excavated material. The volume hauled will be approximately 1,000 to 1,400 cubic yards
per day, and hauling operations will last about four months. However, depending on the site

-~ specific plan a contractor develops for staging of excavated materials and a staging area for

haul truck traffic, the overall time for sitework preparation could vary from the projected
time period.

After sitework, the reservoir erection and pipeline construction phases will follow, wherein
the number of construction trucks coming to and leaving the reservoir site is expected to be
reduced substantially, except for the few days when concrete is being poured for the floors,
walls, and roof of the reservoir. Light and heavy trucks will frequent the jobsite, hauling
various construction materials for the duration of the project.

Concrete pours will probably take place by increments over several weeks and consist of a
series of partial pours for the concrete floor, followed by the reservoir walls, and, finally,

the tank roof. Capacities of concrete trucks commuting to the site vary from 8 to 10 cubic
yards. The concrete plant at Kapaa Quarry will probably supply the materials.

Pipeline construction will involve trucks transporting pipe, concrete, reinforcing steel bars,
select fill, and other materials to the site, with trips occurring mostly at off-peak traffic
hours. To lessen local traffic impacts, pipe will be stored off to one shoulder of the road

while work progresses on installing the water main on the other shoulder or in the roadway.

Portions of the intersection of Kailua Road and the private road may need to be coned off
and police hired to direct traffic during the various stages of construction within the
intersection. Also, it may be necessary for the contractor to stage haul trucks along the right
lane of Kailua Road inbound to Kailua Town as they await turning right on to the private
road.

On vehicular safety, the contractor will be required to take all necessary precautions to
operate his vehicles in a safe manner and to comply at all times with the safety standards of
the State Division of Safety and Health,

Long-term traffic impact will be negligible since there should only be one vehicle per day for
operation and maintenance of the reservoir.

Mitigation Measures
To avoid inconvenience to motorists, residents, and the high school, the normal construction
hours of 7:00 AM to 3:30 PM can be adjusted when the permit allowing work within the
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road right-of-way is issued by the state Department of Transportation, A traffic control plan
will also be prepared to minimize hazards from construction traffic.

The access road to the project site will be widened to accommodate construction equipment.
It may be necessary to cone off or barricade the right lane of Kailua Road near the entry to
the private road. Police and/or flagmen may also be assigned to direct motorists and
pedestrians across Kailua Road.

To minimize impacts to Old Kukanono Community residents, construction-related traffic will
be coordinated between the contractor and the residents of the private road. The construction
contractor will be required to maintain continued roadway access throughout the construction
period.

Construction of the reservoir is anticipated to take place in 1997-1998. If the proposed
reservoir construction occurs concurrently with the Kawai Nui Marsh Flood Control project
or other construction activity in the area, the traffic control plans and proposed mitigation
will be coordinated with the State Department of Transportation, BWS, the Corps of
Engineers and the other affected parties.

NOISE AND VIBRATION

Jobsite activities to excavate soil and rock to finish grade will generate different levels and
pitches of noise. Vehicle noise will emanate from engines of heavy equipment such as
backhoes, dozers, and trucks used for earthwork and demolition. Besides vehicle-related
noise, detonation of small explosives to fragment rock will also induce noise and vibration
effects at the job site and immediate surrounding environs.

The reservoir site has 2 to 5 feet of soil overlying about 7 to 10 feet of weathered rock and a
strata of basalt (blue rock). Due to the amount and type of excavation involved in this
Pproject, it is desirable for economic and time element reasons to use the faster method of
small explosives blasting to fracture hard basalt. The most expeditious manner of
construction will mitigate the duration of noise exposure and construction-related impacts.

The impacts of construction methods will be discussed with regard to vibration and noise.
Y. Ebisu and Associates assisted in the assessment of blasting and vibration impacts.

Blasting

Probable Impacts

Blast - induced ground and air vibrations have the potential to startle or disturb surrounding
residents and horses and also to cause damage to structures. The air blasts associated with
blasting are concussion type, low frequency vibrations that are of short duration (or
impulsive) and are generally characterized in terms of peak overpressure in pounds per
square inch (psi) or in decibels (dBL). The dominant sources of the air blast are the Air
Pressure Pulse, which is caused by the large displacement of the ground surface near the
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explosive charge, and the Stemming Release Pulse, which is caused by gas pressure ejecting
the stemming material placed in the bore hole to set the explosive charge.

‘When exposed to high peak overpressure levels exceeding 141 dBL, large plate glass
windows may break. At peak overpressure levels over 171 dBL, most windows can be
expected to break. For these reasons, blasting activities are generally conducted in a manner
to limit air blast levels to below the 141 dBL level, thus controlling and minimizing risks of
damage to structures.

The low frequency characteristic of air blast noise tends to induce vibrations in structures,
sometimes causing complaint reactions. In contrast, high frequency sounds of equal
amplitude to blast noise generally do not induce vibrations and/or cause physical damage to
structures. Low frequency air blast sounds are inaudible to humans, but structures that
vibrate from shock waves can produce secondary audible effects such as rattling sounds of
fixtures, doors, etc. Sound levels at which these secondary effects occur vary with the
weight and the stiffness of the structure. In general, the inception point of sound-induced
vibration is difficult to establisk, but it may occur at levels as low as 80 dBL. These levels
are significantly below the peak air blast levels of 120 to 136 dBL, which have been
associated with low risk of damage to structures. Thus, sound-induced secondary audible
effects that may be felt are not necessarily associated with effects of damage to structures.

Ground vibrations, or seismic waves, are also generated during blasting operations and are
generally described in terms of peak particle velocity in inches per second. Most of the
seismic energy remains confined in the ground, but some energy is released as an
overpressure pulse into the air (or Rock Pressure Pulse). Typically, the ground vibrations as
well as the airborne Rock Pressure Pulse are expected to be less intrusive than the Air
Pressure and Stemming Release Pulses.

As an example, the recent tunneling work along Dole Street for a Honolulu sewer project
generated some initial air blast complaints from nearby residents during blasting of the
surface entrance to the tunnel. However, complaints ceased once the entrance to the tunnel
was formed and blasting was confined to tunneling underground. Maximum ground vibration
levels of two inches per second occurred during that tunneling work, and blasting was
conducted during all hours of the day and night, with about five blasts per day. A total of
six delays were typically used, with fixed delays of approximately 200 milliseconds and with
a maximum charge weight per delay of approximately 8.6 pounds.

Predictions of peak overpressure or ground vibration levels versus distance from the blast are
not precise, with initial uncertainties for a given location in the order of 20 to 30 dBL. For
this reason, it is standard practice to employ site-specific seismograph monitoring of air and
ground vibrations during actual blasting operations with a 3-axis geophone instrument to
monitor ground vibrations and a microphone to monitor air vibrations.

In conducting blasting operations, the construction industry generally requires seismograph
monitoring at the structures closest to the bore holes. Based on the monitoring data,
explosive charge sizes (or weights) are adjusted in order to limit peak overpressures of the
airblasts to levels below the threshold of possible damage to structures.
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A similar reservoir excavation project using blasting was recently completed at the Board of
Water Supply’s Waahila 180 reservoir on Dole Street near the Manoa Stream Bridge. The
closest structure to the blast holes was the University of Hawaii faculty housing building,
which was situated approximately 120 to 460 feet from the blast holes. These distances are
similar to the separation distances for this Kailua 272 reservoir job site and the nearest
surrounding existing structures. On the Waahila 180 project, maximum vibration levels
induced by blasting were controlled so as not to exceed 0.5 inches per second at the faculty
housing building, with airblast levels limited to 119 dBL. No damage was caused by
blasting work on the Waahila 180 reservoir project, and no extraordinary or unusual
mitigation measures were required to control airblast noise or ground vibration levels.
Blasting should not impact any activities at Kailua High School, which is located over

600 feet away.

A summary of the vibration effects associated with ground blasting is shown on Figure 3-4.
Figure 3-5 shows the existing structures in closest proximity to the project site.

Mitigation Measures

Since complaints resulting from airblast noise levels could occur at levels considerably below
those necessary to cause damage to structures (120 to 136 dBL), additional mitigation
measures will probably be required to minimize risks of annoying nearby residents. These
recommended mitigation measures are described as follows:

* Initiate the excavation work on the Kailua Town side of the ridge to minimize
airblast and noise exposure from general construction equipment to residences
on the Pohakupu side of the ridge. The closest structure on the Pohakupu side
of the ridge is anticipated to be approximately 380 feet distance, while the
closest structure on the Kailua side of the ridge is anticipated to be
approximately 1,250 feet away. This approach would result in the mountain
ridge acting as a temporary sound attenuation barrier that can reduce air blast
noise levels on the existing residences and horse stables on the Pohakupu side
of the ridge. A minimum of 11 dBL of sound attenuation should initially be
possible by taking advantage of this ridge barrier, When the existing ridge
and Pohakupu side face are finally excavated, the additional sound attenuation
due to shielding will gradually reduce to zero. It should be noted that the
Waahila 180 reservoir excavation work, performed entirely on the mountain-
side facing the University of Hawaii faculty housing buildings, did not have
the added benefit of attenuation from a natural sound barrier. Yet, air blast
levels still could be controlled well below 120 dBL, the sound pressure level
associated with Jow risk damage to structures.

. Develop a monitoring program to identify a safe level of air blast and ground
vibration simultaneously on both sides of the ridge at homes and business
establishments which are closest to the source of blast.

o For injtial blasts, prior to the establishment of a data base of airblast levels
versus scaled distance, use a maximum charge weight (in equivalent pounds of
TNT) per delay of less than (D/102)? pounds, or distance divided by 102 and
the quantity squared, where D is the distance in feet between the charge and
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the nearest noise sensitive residence or structure. This should probably not
exceed 5 pounds of charge.

. If practicable, reduce maximum airblast levels to less than 110 dBL at the
nearest noise sensitive residences in response to airblast complaints. Possible
methods of accomplishing this are to (1) reduce the charge size, (2) increase
the delay intervals, (3) increase hole depths, (4) orient bore holes to direct the
Stemming Release Pulse away from noise sensitive properties, (3) truck in
high quality material to minimize stemming blowouts, and (6) filling
(sandbagging) over the arez to be blasted and the detonating chord.

* Schedule actual blasting during the warm periods of the day to minimize the
possibility of thermal ducting and focusing of airblast noise at large distances
from the blast. If possible, schedule blasting during fixed time periods which
are publicized and made known to area residents.

° Restrict blasting operations which exceed 95 dBL at residences or apartments
to the hours of 9:00 am to 5:30 pm of the same day, and to weekdays only
(excluding holidays). For other noise sources associated with excavation
operations, follow State Department of Health permit procedures and
requirements for construction activities.

. The contractor shall be responsible for conducting a pre-blast survey of the
area and shall remove potential falling boulders.

. Use the erosion control earthen berm and construct other temporary perimeter
barriers to contain any lose material that may be dislodged during blasting.

. During blasting operations, the horses may need to be moved.

Construction Equipment

Noise will also be generated by construction equipment vehicles involved in demolishing the
abandoned reservoir, grubbing and grading the new reservoir site, and constructing the new
reservoir structure. These construction phases may generate significant amounts of
equipment noise; the actual levels are dependent upon the methods employed during each
stage of construction by the contractor.

The noise levels of some typical construction equipment are shown on Figure 3-6. Vehicles
such as engine-driven, tread-tracked bulldozers and trailer trucks will emit noise at 85 to

95 dBL during earthmoving operations or when traversing an inclined roadway. Pneumatic
jackhammers used for rock breaking may also gencrate noise up to 98 dBL.

As in most development projects, construction noise will likely exceed the allowable limits in
the regulations of Chapter 43, "Community Noise Control for Oahu,” since the noise
standards are set and measured at the job site property line, Consequently, a noise permit
will be obtained from the Hawaii State Department of Health (DOH) that will specify the
allowable conditions under which noise-producing operations can occur @i.e., restricted time
periods of the day, restricted days, etc.). The contractor’s construction equipment that emit
exhaust gas or air and roadway transit vehicles must be equipped with mufflers to meet the
noise level limits of Chapter 42, *Vehicular Noise Control for Oahu.”
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Probable Impacts

Noise generated by construction activities would be a short-term environmental impact. One
noise-sensitive site, Kailua High School, is located one-fourth mile from the project site.
Construction noise will be audible there, although at reduced levels.

As for long-term impacts following construction, reservoir operations will generate virtually
no noise. There will be no loud electrical or mechanical equipment associated with daily
operations.

Sound Propagation Qutdoors. The transmission of sound from the job site to surrounding
areas is influenced by three broad types of natural effects: distance, atmospheric, and terrain
and vegetation. In addition, structures such as barriers and buildings influence the
transmission of sound to neighboring areas. The natural effects in outdoor sound propagation
are described below.

1. Distance Effects. Sound from a localized source (job site equipment) spreads
out as it travels away from the source, and the sound pressure levels drop off
with the distance according to the "inverse square law." In traveling twice the
distance from the source, the sound energy per unit area decreases by a factor
of four. Stated differently, doubling the distance from the source reduces the
sound energy to one-fourth; tripling the distance reduces the sound level to
one-ninth, etc. The sound pressure level roughly decreases at the rate of
6 dBL for each doubling of distance from the source. In addition, the air
absorbs a certain amount of sound energy by molecular absorption,

2. Atmospheric Effects. Wind and temperature variations can cause bending of
sound waves and influence changes in sound levels at large distances. A
steady, smooth flow of wind at all altitudes would have no noticeable effect on
sound transmission. In reality, however, wind speeds are slightly higher
above the ground than at the ground. The resulting wind speed gradients tend
to "bend” sound waves over large distances. Sound traveling with the wind is
bent down toward the earth, while sound traveling into the wind is bent
upward above the ground. When there is no wind, the principal sound arrives
at the receiver in a direct path, although the ground, vepetation, and trees can
absorb some of the sound. Downwind currents can reduce some of the
attenuating effects of terrain and vegetation, or of solid barriers that otherwise
intercept sound paths. In contrast, a strong, persistent upwind condition can
cast a "shadow zone" that can account for up to about 25 dBL sound level
reduction for sound travel distances greater than about 1,000 feet at wind
speeds about 10 to 15 miles per hour or more. Constant temperature with
altitude produces no effect on sound transmission, but temperature gradients
can produce bending in much the same way as wind gradients do. Air
temperature above the ground is normally cooler than at the ground, and the
denser air above tends to bend sound waves upward. With temperature
inversions, the warm air above the surface bends the sound waves down to
earth. At short distances, these effects are negligible, but they may amount to
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several decibels at distances over one-half mile. The various atmospheric
effects discussed above are illustrated on Figure 3-7.

3. Terrain and Vegetation Effects. The ground-reflected sound may arrive at
the receiver either in-phase or out-of-phase with the direct sound path and can
increase or decrease the received sound level. A hard ground surface reflects
sound; a soft ground surface absorbs sound. When a direct path is virtually
eliminated, there remains sound levels that are about 20 to 25 decibels below
the Jevels of the direct or reflective ground path. A medium-dense wooded
area through which sound must pass directly can reduce sound by 3 to
5 decibels.

Mitigation Measures

Construction noise can be controlled by using noise control devices (exhaust mufflers, intake
silencers, etc.) and barriers (partition shields) and by scheduling construction activities during
off-peak hours to avoid inconvenience to motorists, residents, and the high school.

As previously mentioned in mitigation measures for blasting noise, excavation work could
begin on the Kailua Town side of the ridge to minimize noise exposure from construction
equipment to residents on the Pohakupu side of the ridge. The contractor could also
schedule the final phases of excavation activities producing high sound levels during the
summer months when regular classroom activities are not in session. Remaining construction
activities would mainly involve grading and reservoir construction. Specific construction
operations that exceed the DOH standards may also be performed after 2:30 pm.

The nearby Old Kukanono Community residential lots situated to the south, Kailua High
School and Pohakupu residences located further south, and the Kailua commercial shopping
center set to the north-northeast directions are in the vicinity of the proposed reservoir site.
Based only on the earlier described distance effect principle of outdoor sound propagation
and sound transmission attenvation and analyzing the situation where the noise source is in
direct line of sight to a sound receiver, it is estimated that construction sound levels will be
reduced between 18 and 25 decibels at such sites as follows:

Transmitted Noise Level*
@ Kailua @ Kailua
@ Jobsite @ 0ld Kukanono High School Shopping Center
(Noise Source) (400 ft away) (900 ft away) (1300 ft away)

95 dBL 77 dBL 70 dBL 67 dBL
(tractor/trucks)

75 dBL 57 dBL 50 dBL 47 dBL
(front loaders, back-

hoes, and concrete pumps)

*  Estimated noise level reduction due to distance effect alone. Excludes effects of
atmosphere and terrain/vegetation.
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For comparison, typical noise Jevels of sounds encountered almost daily are shown in
Table 3-1 and long-term land use compatibility and sound levels are shown in Table 3-2.
Noise levels from the job site as measured at 1,000-foot distance will be near the office and
normal conversation level. The allowable noise level of Chapter 43 regulations on
Community Noise Control for residential and preservation districts is 55 dBL during the
daytime hours between 7:00 AM and 10:00 PM. Consequently, there may pe times during
which noise from tractors and trucks will exceed these noise levels. A variance from the
Department of Health may be req ired by the contractor. Noise barriers, such as fences,
may be constructed along side the site to deflect sound upward.

AIR QUALITY

Existing Conditions

Air quality in the Kailua area is predominantly affected by vehicle emissions. Data from the
State Department of Health indicate that air quality standards are currently being met;
however, carbon monoxide concentrations may occasionally exceed the standards near traffic
congested areas.

le Im

No long-term air quality impacts are expected from operation of the reservoir. During
construction, short-term jmpacts may be expected from fugitive dust and exhaust emissions
from construction equipment and vehicles.

Dust will be heaviest during excavation, which is expected t0 take about four months,
depending on the method of excavation. Trucks and other construction vehicles will also
generate dust. The dust problem will decrease oncé excavation is completed and while the
reservoir and other facilities are being constructed. :

Adjacent residences and Kailua High School will be affected the most by dust emissions
during the construction period.

tigation M
State air pollution control regulations require no visible fugitive dust emissions at the

line. To ensure compliance with these regulations, an effective dust control plan
must be implemented. Dust control measures may include watering the work area, using
wind screens, keeping adjacent roads clean, an covering 0pen-bodied trucks. Other dust
control measures may include limiting the arca that can be disturbed at any given time and/or
mulching ©f stabilizing inactive areas. Paving and landscaping early in the construction
schedule will also reduce fugitive dust. Exhaust emissions may pe mitigated by inspecting
construction vehicles and moving construction equipment and workers during off-peak traffic
hours.

The contractor will be required to comply with the provisions of Chapter 60, » Air Pollution
Control,” of Title 11, Administrative Rules of the State Department of Health. In addition,
the contractor will be required to implement MEASUres to minimize air quality degradation.



TABLE 3-1
" TYPICAL SOUND LEVELS ENCOUNTERED IN COMMON ACTIVITIES
__1 Jet Takeoff (200 feet) 120 dBL. Intolerable
X Shout (5 feet) 100 dBL Very noisy
o Urban Street 80 dBL
J Automobile Interior 70 dBL Noisy
J Normal Conversation (3 feet) 60 dBL
i Office, Classroom 50 dBL Moderate
: Living Room 40 dBL
) Bedroom at Night 30 dBL Quiet
f} Rustling Leaves 10 dBL Barely audible
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Source:  The Science of Sound, Thomas D. Rossing, 1990.
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If dust levels exceed the Department of Health's air quality standards and affect classroom
activities, the Department of Education requests installing air conditioning units in those
affected classrooms.

VISUAL IMPACTS
Existing Conditions

The project site is located on an eroding ridgeline at elevation 250 feet above mean sea level
(MSL). The highest elevation at the project site is approximately 300 feet MSL. Tall shrubs,
12 to 18 feet high, are found on the slopes and on portions of the reservoir site, becoming
lower near the summit of the ridge. Ground cover is short and dense. The site overlooks
Kailua Town to the north, Kawai Nui Marsh to the west, and residential areas to the southeast

(see Photos 1 to 5).

The reservoir will be situated on a prominent ridge in the central part of the Kailua area and
will be visible from surrounding areas where other land forms, structures, or vegetation do not
obstruct the view.

Probable Impacts

The reservoir will be approximately 185 feet in diameter and 22 feet high, with cuts averaging
30 to 40 feet high along the center line of the ridge from the base of the reservoir and approxi-
mately 250 feet at its widest point. Based on observations from numerous locations in Kailua,
the proposed site will be visible from several locations. In general, the significant view planes
impacted by the reservoir are located in the immediate vicinity of the project site. Distant
views will be less affected.

Representations of the reservoir, associated grading and landscaping were superimposed by
computer on photos to aid in the assessment of the visual impact of the project. A "before"
and "after" view of the reservoir site has been included from locations with significant view
planes. The approximate reservoir dimensions were sited on the ridge by using surveyed
control points and extending yellow tape (visible in the "before” photos). The yellow tape
was used to validate the computer enhanced "after” views. The approximate location of the
photos is indicated on Figure 3-8.

Existing and expected views from Kailua Road at Pohakupu Park. The focus of
this view is activity within the park. Homes surrounding the park are the immediate
backdrop with Puu O Ehu ridge visible in the distance above the homes. The
abandoned reservoir is obscured from view by trees (Photo 6). 'The ridge profile will
be altered by construction of the reservoir. Proposed mitigation includes surrounding
the reservoir face with a 10-ft high earth berm. Growth of existing vegetation on the
earth berm will further shield the reservoir from view. In addition, overhead utility
lines within the Pohakupu subdivision create a visual distraction from the reservoir on
the ridge (Photo 7).
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PHOTO 2. PUU O EHU RIDGE: LOOKING TOWARD HAMAKUA DRIVE

- PHOTO 3. PUU O EHU RIDGE: LOOKING TOWARD ABANDONED RESERVOIR
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PHOTO 4. PUU O EHU RIDGE: LOOKING TOWARD
KAELEPULU ELEMENTARY SCHOOL
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PHOTO 6 - KAILUA ROAD AT POHAKUPU PARK (EXISTING VIEW)
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Existing and expected view from Kailua Road near Kailua Baptist Church. The
top of the abandoned reservoir is visible from Kailua Road (Photo 8). However, trees
at street level and atop the ridge partially obstruct the view. In the expected view after
development, the abandoned reservoir will be demolished and the new reservoir will be
visible from Kailua Road (Photo 9). Growth of existing vegetation on the 10-ft high
earth berm surrounding the tank will help to obstruct views. In addition, heavy
vegetation and structures at street level create visual distractions to views of the site,
which is above street level.

Existing and expected view from Hamakua Drive near Kailua Road. The
abandoned reservoir is visible from Hamakua Drive near Kailua Road, which is directly
below the project site (Photo 10). Structures and vegetation at street level distract
attention from the site. This existing view will be altered due to the proximity of
Hamakua Drive to the reservoir. The new reservoir will be visible, but partially
obscured by the surrounding earth berm. Growth of existing vegetation on the earth
berm will further shield the reservoir from view (Photo 11).

Existing and expected view from Kailua Field. Proceeding to Kailua Town and the
residential areas northeast of the project site, motorists and residents have an
unobstructed view of the ridge, as depicted in Photo 12 taken at Kailua Field near
Kailua Intermediate School. The addition of the reservoir is evident in Photo 13, but
mitigation measures clearly minimize the visual impact.

Other views of the reservoir are not expected to create a significant visual impact. The ridge
is visible from residential streets located north of the site (Photo 14 taken on Kihapai Street),
although structures and vegetation tend to obstruct the view. The impact on this area is
expected to be minimal due to numerous visual distractions and obstructions and the distance
(approximately 5,000 feet) from the site.

The ridge is also visible across Kawai Nui Marsh on Mokapu Boulevard near Kalaheo High
School (Photo 15), although the features are not distinct since the ridge is about 2.5 miles
away. From this distance, the visual impact of the proposed reservoir is expected to be
minimal.

As seen on Photo 16, the ridge is visible from Kaelepulu Elementary School. The visual
impact of the proposed reservoir should be minimal, however, since the structure will be
constructed on the hind side of the ridge.

From the residential areas of Enchanted Lakes and Keolu Hills, which are across Kaelepulu
Pond, Puu O Ehu ridge is barely discernible because of the numerous other ridges in the area
(Photo 17). Structures and vegetation also block the view at street level and unobstructed
views are intermittent. The visual impact of the proposed reservoir is expected to be minimal
since this area is about two miles from the project site.
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PHOTO 16. KAELEPULU ELEMENTARY SCHOOL
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View Analysis
The Coastal View Study prepared for the City and County of Honolulu Department of Land

Utilization examines views from public viewpoints and coastal roadways in the Special
Management Area (SMA). As stated in this study, a view analysis performed for a proposed
project should take into consideration the following visual qualities of an area:

Vividness - Memorability of a landscape derived from contrasting landscape
components combining to create distinctive visual patterns

Unity - Degree to which visual resources of a landscape scene join together to
form a coherent, harmonious visual pattern

Intactness - Extent to which landscape is free from visually encroaching
features

Relevant visual characteristics in the case of the Kailua 272 Reservoir appear to be vividness
and unity. The mountains and ridges provide a high degree of contrast in this suburban
setting. For example, photos of the project site show many views (Photos 1, 12, and 15)
creating distinct visual patterns. There are only a limited number of high-rise structures in the
community to block the view. Rather, visibility is limited by elevation and other land forms,
structures, and/or vegetation.

The Coastal View Study also identifies view concerns and opportunities, taking into
consideration the following sitvations:

Where views of exceptional visual quality should remain unaltered

Where significant views may be lost or diminished due to future development
Where limited or no views are presently available but enhancement
opportunities may be possible

The view of the proposed site does not appear applicable in this situation. Puu O Ehu ridge is
only one of many land forms in the area, the dominant one being the Koolau Mountain Range.
This view would not be significantly altered, as evidenced in Photos 12, 13, 14, 15, and 17.
Enhancement opportunities may exist but would probably be limited.

The Special Provisions of the Development Plan (City and County of Honolulu Department of
Land Utilization) identifies significant open spaces and public views. Section 24-6.2, Urban
Design Principles and Controls for Koolaupoko, lists important public views that should be
protected whenever possible. The panoramic view of the Pali and views of Puu O Ehu ridge
and Olomana from the Kaelepulu Pond area are listed. As previously mentioned, the visual
impacts attributable to the proposed reservoir from Kaelepulu Pond are minimal since the
reservoir will be situated on the far side of the ridge. The reservoir can only be seen from a
portion of the Kaelepulu Pond area due to the topographic features of Puu O Ehu ridge and the
surrounding land forms. Specifically, the reservoir can only be seen from the western section
of the pond (see Figure 3-9).
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Visual Character of Existing BWS Reservoirs

In recent years, the BWS reinstituted its attention to aesthetics in the design of reservoirs.
Emphasis is placed on appearance and beautification of facilities and the surrounding environs,
with attention given to landscaping. From fiscal year 1985-86, the BWS implemented a
reservoir and building painting and repair program. Landscaping improvements have been
made at various reservoirs.

Examples of existing reservoirs in the Kailua area are shown on Photos 18 and 19. The
Pohakupu 272 Reservoirs (Photo 18) and the Kailua Heights Reservoir (Photo 19) are
examples where landscaping has effectively been incorporated to minimize the visual impacts.
Although it is located in a residential area, the reservoir is barely noticeable. Trees effectively
provide a visual screen. Likewise, the Waialae Nui Reservoir (Photo 20) and the Niu Valley
Reservoir (Photo 21), although visible from adjacent residential streets, have been effectively
Jandscaped and painted to integrate the structures into their surroundings.

Mitigation Measures
To maintain the unity and vividness of the view, the following measures will be implemented:

1. Construction of a 10-ft high retaining wall surrounding the reservoir to screen
the tank from surrounding views. Soil will be backfilled around the wall's
exterior to create an earthen berm which will be planted with existing vegetation
to further obstruct view of the tank. .

2. Landscaping the exterior face of the site with existing vegetation to blend with
the surroundings and enhance the screening effect.

3. Landscaping all exposed excavation cuts to control erosion and mitigate the
visual impact of cut slopes.

4, Painting the concrete reservoir with earth tone colors to blend with the
surrounding environment.

5. Conducting maintenance and repainting on a regular basis.

With the proposed reservoir being constructed on the northern end of Puu O Ehu ridge, it can
be observed from limited areas of Kaelepulu Pond. Specifically, these areas would be limited
to the western sector of the pond (see Figure 3-9), with the exception of selected higher
elevations in Keolu Hills (southern sector), However, since the project site would be over two
miles from this area in the southern sector, it would be hardly discernible.

SOCIOECONOMIC ENVIRONMENT

Population and Demographics
In 1990, the population in the Koolaupoko District was 117,694 (State of Hawaii Data Book,

1991). In the Kailua Census Designated Place (CDP) the population was 36,818.

The proposed project will solve the existing substandard storage problem in Kailua and
therefore, will not contribute to any increase in the residential population.

3-40
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- PHOTO 18. POHAKUPU 1.0 MG AND 6.0 MG RESERVOIRS

~

. The domed structure is the 1.0 MG reservoir. The 6.0 MG reservoir is
located at the same elevation, within 200 ft. to the left of the 1.0 MG tank.

et

'

PHOTO 19. KAILUA HEIGHTS RESERVOIR

341



PHOTO 20. WAIALAE NUI RESERVOIR

PHOTO 21. NIU VALLEY RESERVOIR
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Character of Neighborhood
Kailua is a suburban residential community with supporting retail services that provide

employment to local residents. Population and housing have grown slowly due to a lack of
developable land and the City's General Plan directing growth to Leeward Qahu.

The residents in the Kailua area are generally characterized as long-time Hawaii residents,
generally higher education, more professional occupations, higher median income, high
percentage of residents as homeowners.

The proposed project will not affect the character of the Kailua community.

PUBLIC SERVICES AND FACILITIES

Water Service

Water service to this part of Kailua is primarily being provided by the Pohakupu 272
Reservoirs. Prior to 1986, water service to this area was provided by the Kailua 272 Steel
Reservoir, which has been taken out of service.

Fire Protection
Kailua Fire Station, at the comer of Kuulei Road and Kainalu Drive, is approximately

1.5 miles from the project site. Other nearby fire stations are Olomana Fire Station on
Kalanianaole Highway and Aikahi Fire Station at the entrance to Kaneohe Marine Corps Air
Station. Ambulance service is also available in back of the Kailua Fire Station.

Construction of the reservoir will have a positive impact on fire protection service for the
Kailua area by supplying a reliable storage volume of water for fire fighting purposes. In
addition, fire hydrants will be installed along the new transmission main on the access road to
provide fire safety measures for the Old Kukanono Community where none currently exists.
The nearest hydrants are currently located on Kailua Road, making it difficult to implement
effective fire fighting measures.

Schools

Educational institutions in the vicinity of the site include Kailua High School, Kaelepulu
Elementary School, and Kailua Intermediate School.

Kailua High School is less than one-fourth mile from the proposed site. Construction noise
and dust may impact classroom activities. As much work as possible should be done during
the summer months to mitigate the impacts from dust and noise. Dust and noise screens may
also be constructed. Traffic generated by construction vehicles should not affect the school.
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COMMUNITY RELATIONS

Area residents and workers will be kept informed about project activities. The following
measures are suggested:

$ SPUNI

Maintain communication throughout the construction period with adjacent
residents, neighborhood boards, and community associations.

Publicize construction in the daily newspapers and in newsletters published by
neighborhood boards and community associations.

Maintain a procedure whereby questions, concerns, and complaints about the
project will be handled expeditiously.

Inform the public about the project's benefits. People should understand the
need for the reservoir and that it is an integral part of the overall water system
for the Windward Low Service System.
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CHAPTER 4
ALTERNATIVES TO THE PROPOSED PROJECT

This chapter discusses alternatives which could attain the objectives of the proposed action,
albeit less economically or to lesser degrees of public advantage. In this way, the proposed
action can be evaluated among all other alternatives considered but rejected as not cost-
effective.

To restate, the Board of Water Supply's overall objectives for this project are to:

Increase storage capacity in the Kailua area to closely approximate BWS
operating standards for reliability and fire protection, and

Provide uninterrupted water service to customers of Windward Oahu under
normal and emergency operating conditions

NO ACTION

Under a no-action alternative, water service to Windward Oahu in the area extending from
Kailua to Kaneohe will continue to operate significantly below the BWS's standards, which
require reservoir capacities equal to 1.5 times the average daily use. Consequently, the
likelihood of residents being without water during extended power outages would still exist,
and fire fighting water may not be available in volume and pressure.

As municipal water demand increases due to economic expansion, population growth, and
higher per capita consumption rate, this shortfall in reservoir capacity will be exacerbated, and
public health and safety placed at higher risk.

Since the windward district's storage capacity is currently significantly "below standard",
failure to act in a timely manner to remedy the shortage would not be an acceptable course of
action,

ALTERNATE RESERVOIR CONFIGURATIONS

Construction of Smaller Reservoirs

Significant impacts are primarily due to the need to make extensive cuts in the Puu O Ehu
ridge line to construct the reservoir spillway at elevation 272 feet MSL. Smaller diameter
reservoirs could be constructed; however, the amount of earthwork required to situate multiple
tanks at the site would, in fact, actually be more than for a single 4.0 MG tank. A tank of 2.0
MG capacity would have a diameter of approximately 130 feet, compared with the 185-foot
diameter of the proposed 4.0 MG tank. To provide the needed increase in reservoir capacity,
two such tanks would have to be constructed, which would actually cover a larger area than a
single 4.0 MG tank, and hence, have probably more of a visual impact.
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The topography and 50 percent slopes near the ridge line will not accommodate construction of
smaller reservoirs in the mountainside at the required elevation.

Construction of Taller Reservoirs

An option of constructing a taller reservoir of smaller diameter in the mountainside was
considered as a way to reduce the size of the cuts and avoid encroachment into the ridge line.
This alternative would require design of a thicker base and tank sides for the high hydraulic
pressures to be exerted on the structure. A suitable foundation of hard rock would have to be
located, or concrete piles would need to be driven to depths resting on such strata. A 100-foot
diameter tank with base elevation of 202 feet would have to be 70 feet tall, or 10 stories high,
with its top close to the Puu O Ehu ridge and summit. Multiple small diameter tanks of
shorter heights tucked into the mountainside are not possible because the terrain near the
summit is too steep to allow this,

From an operational standpoint, the spillway elevation of any new tank in the Kailua low
service system must be at the 272-foot elevation. The reason for this is that the height of each
reservoir needs to match that of other tanks in the same service zone. If the reservoir heights
are unequal, the reservoir with the highest water level would be the first to drain before the
others are used. Since reservoir water levels seldom get this low in normal operation, the
lower reservoirs within the same service zone would effectively be "locked out", going
virtually unused, and its water would stagnate. This alternative is not hydraulically feasible
since only the top 20 feet could be effectively utilized. Water levels would not likely drop to
make use of the bottom 50 feet since other reservoirs in the system would drain first.

For aesthetic reasons, a 10-story structure near the ridge line would be unacceptable. Due to
physical constraints, construction of multiple small diameter tanks with tops situated below the
ridge line is impossible at this site.

Construction_of Underground Reservoirs

Construction of underground or partially buried reservoirs at the proposed site is not possible
when the spillway elevation must be maintained at 272 feet MSL. The difficulties in
maintaining and repairing buried facilities also outweigh the advantages. Board of Water
Supply standards require storage tanks that are accessible around their entire perimeters.
Reservoirs that are fully or partially buried have reduced sanitary control. Water quality
problems result (mainly microbiological) and therefore reduce the level of quality water
service.

Construction of Elevated Tanks

Elevated water tanks are often used for storage and pressure in flat areas of the mainland
where hills and mountains cannot be used to advantage. As a permanent facility, this option is
not viable for Kailua because of unacceptable visual impacts, potential hazards to aircraft,
dangers posed in case of steel tank malfunction or catastrophic rupture or damage from wind
forces, and difficulty in maintenance and repair.
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ALTERNATE RESERVOIR LOCATIONS

Site of Old Abandoned Kailua 272 and 275 Tanks
The site of the demolished Kailua Steel 272 tank is approximately 100 feet by

100 feet, and the site of the nearby abandoned Kailua 275 concrete reservoir is approximately
100 feet by 125 feet. The physical features of these sites restrict the dimensions of any new
tank to no more than 100 feet in diameter. Considering the existing base elevation, a single
1.5 MG tank approximately 30 feet high could be constructed on this combined site. This
would nonetheless require that a second 2.5 MG reservoir be constructed to augment the

1.5 MG tank.

The Board of Water Supply abandoned and demolished the Kailua Steel 272 reservoir because
of rust and exorbitant maintenance and repair costs. A further factor in decommissioning the
tank was a problem of undermining of the footing along the cliff fronting Hamakua Drive.
For structural stability reasons, reuse of this site for a new concrete tank is undesirable.

Pohakupu Site

The BWS has a 6.0 MG and a 1.0 MG concrete reservoir on the Honolulu side of Puu O Ehu
ridge adjacent to the Pohakupu residential subdivision (see Figure 3-8). Both tanks comprise
part of the Kailua 272 low service system, and strategically, the additionally needed reservoir
could be situated in this same area.

Photo 22 was taken from Kalanianaole Highway facing this alternative reservoir site. The
women's correctional facility is located in the foreground of the photo, and the existing 1.0
MG Pohakupu reservoir can be seen through trees on the left side. A computer-generated
color photo of the proposed 4.0 MG reservoir at this alternative site has been prepared for
illustrative purposes (Photo 23). Mitigation of the visual impact of the reservoir has not been
included on Photo 23. Landscaping of the reservoir face and cut slope with existing vegetation
will reduce the visual impact of this site. However, the cut slope will be difficult to landscape
due to the anticipated vertical rock face. ,

The major disadvantage of this site is the higher construction cost. A cost comparison was
prepared for the selected site at Puu O Ehu ridge and the alternate Pohakupu site by the Board
of Water Supply. The addition of the retaining wall and landscaped berm at the Puu O Ehu
site increases the construction cost by $1.7 million; from $10.8 million to $12.5 million, not
including land cost. Despite the additional high cost, the Puu O Ehu site is approximately
$2.5 million to $5 million less expensive than the Pohakupu site.

This cost difference is primarily due to the increase in excavation quantity required for site
grading. For example, approximately 150,000 to 200,000 cubic yards of material will need to
be removed at the Pohakupu site, compared to 55,000 cubic yards at the selected site. The cut
face at the Pohakupu site is estimated to be about 80 feet high. A soils investigation at
Pohakupu would be required to determined allowable cut slopes for a more precise cost
estimate. At a unit construction cost of $50 per cubic yard, the excavation cost at the
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Pohakupu site would range from $7.5 million to $10 million compared to $2.75 million for the
Puu O Ehu site.

The Puu O Ehu site has additional site specific costs that are not expected at the Pohakupu site,
such as the retaining wall, berm, and new drain and water systems (including hire hydrants).
However, the Pohakupu site will also incur additional costs for redesigning the reservoir
including site specific studies, a new EIS, and associated personnel time. The cost difference
of $2.5 million to $5 million is very significant, especially when public funds are involved.
Clearly, the Pohakupu site is an alternative to Puu O Ehu ridge; however it is not viable from
a financial standpoint.

Other Sites

Other locations for additional reservoirs have been considered and rejected. As part of an
integrated water system, the new reservoir must be placed at a specific elevation. In the case
of mainly serving the nearby community of Kailua, the reservoir spillway elevation must be at
272 feet above sea level.

A Kailua Heights location is a possibility, but it is not close enough to Kailua Town, where
population and water demands are concentrated. Lanikai, another consideration, is even
further away. Both sites are also well away from the existing large water transmission mains
which must connect to the reservoirs for distribution services.

The Puu O Ehu ridge site is ideal since it is near the 24-inch water transmission mains and
affords the required elevations and land area.

REPLACE 1.0 MG POHAKUPU RESERVOIR WITH 5.0 MG STRUCTURE

In contrast to adding a third tank to the Pohakupu site, consideration was given to replacing
the 1.0 MG reservoir with a larger, 5.0 MG tank. The 1.0 MG reservoir is fully functional.
In fact, the tank was recently refurbished and has an estimated life of over 20 years remaining.
Demolition of this functional reservoir prior to reaching its life expectancy is not cost effective
or preferable.

REFURBISH EXISTING ABANDONED STORAGE TANK

Abandoned reservoirs at Kailua Heights and Lanikai both have spillway elevations of 230 ft,
which would be undesirable in conjunction with the 272 reservoir system. Reactivating the
abandoned 230 reservoirs will reduce the available water pressures to the homes at the upper
fringes of the Lanikai and Kailua Heights area near 130 feet to 170 feet. Also, topographic
features preclude the sites from being used for new reservoirs without extensive grading and/or
structural facilities.




B T SO N

[

.

f

g

L

£

L

~

INSTALL EMERGENCY POWER GENERATORS AT WELL SITE(S)

Installation of emergency power generators at well sites will provide water to the Kailua
system in the event of electrical power outage. However, this alternative will not supply water
to Kailua in the event of transmission line break/repair between the well site and demand
centers in Kailua. The proposed reservoir will provide a reserve supply of water near the
point of use.

The Board of Water Supply notes that the transmission system serving Kailua is about 25 miles
long with portions submerged in ocean water. Age, susceptibility to corrosion coupled with
the fact that the Windward Low Service System has the highest pumping pressures on Oahu,
creates situations where main breaks occur relatively frequently. In 1994, BWS experienced
about 180 main breaks in the Windward system. Therefore, adequate storage is critical to
maintaining reliable water service to the area.
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CHAPTER 5
RELATIONSHIP TO APPLICABLE LAND USE
PLANS, POLICIES, AND CONTROLS

STATE LAND USE LAW

The State Land Use Law (Chapter 205, Hawaii Revised Statutes), adopted in 1961,
establishes the framework of land use management in Hawaii. All lands in the state are
classified into one of four land use districts: Urban, Rural, Agricultural, or Conservation.
District boundary amendments may be obtained by petition to the State Land Use Commis-
sion (LUC).

The project is situated on land classified Urban (U) and Conservation (C). Boundary
Interpretation No. 92-12 on file with the LUC defines the land use boundaries between
Urban and Conservation of this project. The Urban classification generally includes land
characterized by a city-like concentration of people, structures, and services. The counties
primarily have jurisdiction over urban lands through their ordinances and regulations.

The Conservation classification primarily includes lands in existing forests and water reserve
zones. It also includes areas necessary for the protection of watersheds and water sources;
scenic and historic areas; parks; wilderness; open space; recreational areas; habitats of
endemic plants, fish, and wildlife; and all submerged lands seaward of the shoreline. Lands
subject to flooding and soil erosion are also included. The Conservation District is
controlled by the State Board of Land and Natural Resources, and its uses are governed by
the rules of the Department of Land and Natural Resources. A Conservation District Use
Application will have to be obtained for this project.

The project site is located within the general (G) subzone of the Conservation District. The
objective of this subzone is to designate open space where specific conservation uses may not
be defined, but where urban usé would be premature. Land uses permitted in the general
subzone include those land uses permitted in the protective, limited and resource subzones.
Development of the reservoir would fall under the following permitted land uses:

e  Landscaping, defined as alteration (including clearing) of plant cover.

*  Land use undertaken by the City & County of Honolulu to fulfill a mandated
governmental function, activity, or service for public benefit and in accordance
with public policy and the purpose of the Conservation District.

¢  Demolition, removal, or alteration of existing structures, facilities and
equipment.

¢ Demolition, grading, removal or alteration of topographic features.

The proposed reservoir project is consistent with existing land use designations.

Y T T PP BT gt



O et Y T BRI A

~ oA

L

.0

.-

(.

Amh o e e L e

HAWAIIL STATE PLAN

The Hawaii State Plan (Chapter 226, Hawaii Revised Statutes) establishes a system for the
planning, coordination, and integration of major State and County activities. PartI of the
Plan lists the State’s long-range goals, objectives, policies, and priorities. Applicable
sections are discussed below. Part I establishes a statewide planning system to coordinate
and implement the plan, and Part HI establishes priority gmde]mes to address areas of
statewide concern. None of the priority guidelines listed in Part IIT relate to the proposed
project.

(2) A desired physical environment, characterized by beawty, cleanliness, quiet,
stable natural systems, and uniqueness, that enhances the mental and physical
well-being of the people.

The proposed reservoir and access road will be consistent with the goals of the State. The
site will be landscaped and the reservoir painted to blend with the surrounding natural
environment. Measures will be taken to reduce the effects of noise, dust, and traffic
associated with construction activities. Once constructed, the effects of noise, dust, and
traffic should be minimal.

-Based,

(a)  Planning for the State’s physical environment with regard 1o land-based,
shoreline, and marine resources shall be directed towards achievement of the
Jollowing objectives:

(1)  Prudent use of Hawaii’s land-based, shoreline, and marine resources.

(2)  Effective protection of Hawaii’s unique and fragile environmental
resources.

(b)  To achieve the land-based, shoreline, and marine resources objectives, it shall
be the policy of this State to:

(1)  Exercise an overall conservation ethic in the use of Hawaii’s natural
resources.

(3)  Take into account the physical attributes of areas when planning and
designing activities and facilities.

(4)  Manage narural resources and environs to encourage their beneficial
and multiple use without generating costly or irreparable environmental
damage.

(8)  Pursue compatible relationships among activities, facilities, and natural
resources.

The reservoir and access road will be compatible with existing activities, facilities, and
natural resources. There will be no irreparable environmental damag%‘to biological or
natural resources. The physical attributes of the site were considered in selectmg the location
for the reservoir since there is adequate space at the required elevation.
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jon 226-12: fecty Polici r the Physical Environment— ic, Ne
Beauty, and Historic Resources
(a)  Planning for the State’s physical environment shall be directed towards
achievement of the objective of enhancement of Hawaii’s scenic assets, natural
beauty, and multi-cultural/historical resources.
(b}  To achieve the scenic, natural beauty, and historic resources objective, it shall
be the policy of this State t0:
(1)  Promote the preservation and restoration of significant natural and
historic resources.
(3)  Promote the preservation of views and vistas to enhance the visual and
aesthetic enjoyment of mourtains, ocean, scenic landscapes, and other
natural features. o
(5)  Encourage the design of developments and activities that complement
the natural beauty of the islands.

Because of the prominent location of the project, special emphasis on appearance and
beautification of the facilities will be given to minimize the visual impact of the reservoir.
Chapter 3 of the EIS discusses this issue.

(a)  Planning for the State’s physical environment with regard to land, air, and
water quality shall be directed towards achievement of the following objectives:
(1)  Maintenance and pursuit of improved quality in Hawaii’s land, air, and
water resources.
(2)  Greater public awareness and appreciation of Hawaii’s environmental
resources.
(b)  To achieve the land, air, and water quality objectives, it shall be the policy of
this State to:
(2)  Promote the proper management of Hawaii’s land and water resources.
(3)  Promote effective measures to achieve desired quality in Hawaii’s
surface, ground, and coastal waters.
(6)  Encourage design and construction practices that enhance the physical
qualities of Hawaii's communities.
(8)  Foster recognition of the importance and value of the land, air, and
. water resources to Hawaii’s people, their cultures and visitors.

The proposed reservoir is consistent with the City and County of Honolulu Land Use
Ordinance and Development Plan for the Primary Urban Center. The City’s Public Facilities
Map designates a reservoir at the proposed site. A portion of the project site was once the
location of an abandoned reservoir.

Construction of the reservoir and access road will be beneficial to the residents in the district
since the Board of Water Supply will be able to improve water service in the area.
Adhberence to the State’s land, air, and water quality objectives will be assured through

proper design and construction practices.
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Section 226-14: Qbjective and Policies for Facility Systems—In General
(a)  Planning for the State’s facility systems in general shall be directed rowards
achievement of the objective of water, transporiation, waste disposal, and
energy and telecommunication systems that support statewide social, economic,
and physical objectives.
(b)  To achieve the general facility systems objective, it shall be the policy of this

State to:

(1)  Accommodate the needs of Hawaii’s people through coordination of
facility systems and capital improvement priorities in consonance with
state and county plans.

(2)  Encourage flexibility in the design and development of facility systems
to promote prudent use of resources and accommodate changing public
demands and priorities.

(3)  Ensure that required facility systems can be supported within resource
capabilities and at reasonable cost 10 the user.

The new reservoir will be consistent with State and County plans. Major concerns of the
Board of Water Supply are furnishing a reliable and safe drinking water supply and meeting
the needs of the communities with regard to the quality and quantity of its water supply.
This reservoir will replace four abandoned reservoirs in the Kailua area and is necessary to
increase reservoir storage capacity in the Windward Low Service System to BWS standard.

(a)  Planning for the State’s fucility systems with regard to water shall be directed
towards achievement of the objective of the provision of water to adequately
accommodate domestic, agricultural, commercial, industrial, recreational, and
other needs within resource capacities.

()  To achieve the facility systems water objective, it shall be the policy of this
State to:

(4)  Assist in improving the quality, efficiency, service, and storage
capabilities of water systems for domestic and agricultural use.

Construction of the reservoir will increase the Board of Water Supply’s storage capacity in
the district. This increase in storage capacity will provide additional reliability and flexibility
to the existing water distribution system. This reservoir will also replace four reservoirs
taken out of service over the past ten years.

STATE FUNCTIONAL PLANS

The primary means of implementing the goals, objectives, and policies of the Hawaii State
Plan are set forth in State functional plans. These functional plans delineate the policies and
actions that need to be addressed in the short-term in these specific areas: agriculture,
conservation lands, education, employment, energy, health, higher education, historic
preservation, housing, human services, recreation, tourism, and transportation. They are
intended to act in a coordinated fashion with County General Plans and Development Plans
but are not to be interpreted as law or as mandatory county or private sector actions.
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Each functional plan sets forth the policies, statewide guidelines, and priorities within a
specific field of activity, when such activity or program is proposed, administered, or funded
by any agency of the State (Chapter 226, Section 226-2, Hawaii Revised Statutes). Of the
functional plans adopted by the State, the Conservation Lands functional plan was examined
to determine its applicability to the proposed project. This plan primarily affects State
operations. The project is consistent with the State’s goal to assure adequate municipal water
supply.

OAHU GENERAL PLAN

The General Plan for the City and County of Honolulu is a statement of long-range social,
economic, environmental, and design objectives for Oahu. It addresses (1) population;

(2) economic activity; (3) natural environment; (4) housing; (5) transportation and utilities;
(6) energy; (7) physical development and urban design; (8) public safety; (9) health and
education; (10) culture and recreation; and (11) government operations and fiscal manage-
ment.

Natural Environment
Objective A: To protect and preserve the natural environment.
®  Protect Oahu’s natural environment, especially the shoreline, valleys, and
ridges, from incompatible development.
®  Require development projects to give due consideration to natural features such
as slope, flood and erosion hazards, water-recharge areas, distinctive land
Jorms, and existing vegetation.
®  Design surface drainage and flood-control systems in a manner which will help
preserve their natural setting.
®  Protect the natural environment from damaging levels of air, water, and noise
pollution.

The Development Plan Public Facilities Map was amended by Ordinance No. 92-14 dated
March 10, 1992 by adding a water reservoir modification symbol. Thus, the project is
compatible with the existing land use designation.

Storm, flood, erosion hazards, drainage, and pollution will be considered in the design.
These issues are addressed in Chapter 3.

Objective B: To preserve and enhance the natural moruments and scenic views of Oahu for
the benefit of both residents and visitors.
*  Protect Oahu’s scenic views, especially those seen from highly developed and
heavily travelled areas.
¢  Locate roads, highways, and other public facilities and wtilities in areas where
they will least obstruct important views of the mountains and the seas.

Design of the reservoir will take into consideration measures to blend the structure with its
natural environment. A detailed view analysis is presented in Chapter 3.

5-5



Transportation and Utilities
Objective B: To meet the needs of the people of Oahu for an adequate supply of water and

Jor environmentally sound systems of waste disposal.
e Develop and maintain an adequate supply of water for both residents and
visitors.
e  Encourage the development of new technology which will reduce the cost of
providing water and the cost of waste disposal.

The project will improve the water system in the Kailua area by providing additional system
reliability and flexibility in meeting the water demand of residents in the area.

Objective C: To maintain a high level of service for all utilities.
e  Maintain existing utility systems in order to avoid major breakdowns.
e Provide improvemenis to utilities in existing neighborhoods to reduce substan-
dard conditions.
e Provide for the timely and orderly expansion of utility systems.

Presently, the reservoir system storage capacity in the Windward Low Service System does
not meet BWS standards. The project will improve the reliability of fire fighting capabili-
ties.

Objective D: To maintain transportation and utility systems which will help Oahu continue ro
be a desirable place to live and Visit.
»  Give primary emphasis in the capital improvement program to the maintenance
and improvement of existing roads and utilities.
e  Evaluate the social, economic, and environmental impact of additions to the
transportation and utility systems before they are constructed.

The Board of Water Supply’s Capital Improvement Program for 1991 includes the project.
Social, economic, and environmental impacts of the project are evaluated in the EIS process.

ical Development and an Desi
Objective A: To coordinate changes in the physical environment of Oahu 1o ensure that all
new developments are timely, well-designed, and appropriate for the areas in which they will
be located.

o Plan for the construction of new public facilities and utilities in the various
parts of the Island according to the following order of priority: first, in the
primary urban center; second, in Ewa; and third, in ihe urban-fringe and rural
areas.

The Koolaupoko Development Plan Public Facilities Map, Ordinance 92-14, designates a
water reservoir at the site. In addition to providing a flexible and reliable water system, this
project will replace abandoned reservoirs in the Kailua area.

Objective D: To creare and maintain attractive, meaningful, and stimulating environments
throughout Oahu.
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*  Design public structures to meet high aesthetic and Junctional standards and to
complement the physical character of the communities they will serve.

The project will incorporate aesthetic and functional standards in the design. Mitigation
measures to complement the physical character of the reservoir with its environment are
addressed in Chapter 3.

Objective E: To promote and enhance the social and DPhysical character of Oahu’s older
towns and neighborhoods.
*  Provide and maintain roads, public facilities, and usilities without damaging
the character of older communities.

The reservoir and associated appurtenances will be constructed in such a way that the
character of the surrounding community is not damaged.

vernmen ra nd 1 Managemen
Objective A: To promote increased efficiency, effectiveness, and responsiveness in the
provision of government services by the City and County of Honolulu.
®  Maintain City and County government services at the level necessary to be
effective.
®  Ensure that government attitudes, actions, and services are sensitive to
community needs and concerns.

As previously stated, the Board of Water Supply is concerned with providing a safe and
reliable water supply and meeting the needs of the community in terms of quality and
quantity of the water supply. This project is consistent with these objectives.

DEVELOPMENT PLAN

The City and County of Honolulu Development Plans provides a framework for implement-
ing the Oahu General Plan objectives. The desired sequence, patiern, and characteristics of
development are set forth in public facilities maps for each development plan area.

: Developmen n ial isi r k
Koolaupoko extends from Makapuu Point to Kaoio Point at the northern end of Kaneohe Bay
and is bounded by the Koolau mountain range and the sea. Kailua is described as an "urban-
fringe” area. The Special Provisions identifies significant open spaces and public views that
should be protected whenever possible.

Section 24-6.2(a)(I) Open Space. The visibility, preservation, enhancement and accessibility
of open space areas as defined in Section 24-1.4 of the development plan common provisions
shall be given high priority in the design of adjacent and nearby developments in

Koolaupoko.

Puu O Ehu is one of the areas listed under Section 24-6.2(a)(1). The proposed reservoir will
be located approximately 1,500 feet from Puu O Ehu, the ridge summit. Over one half of
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the reservoir height will be shielded from surrounding views due to the landscaped earth berm
which will partially encircle a portion of the tank. Existing hillside vegetation will be used for
landscaping, and the tank will be painted to blend with the surroundings.

Section 24-6.2(a)(2) Public Views. In order to promote pleasing and attractive living
environments and panoramic mauka and makai views Jrom public places, views of major
landmarks from public places shall be protected whenever possible.

The view of Puu O Ehu ridge from the Kaelepulu Pond area is listed as an important view.
However, due to the proposed position of the reservoir behind Puu O Ehu, the ridge summit,
most of the area surrounding Kaelepulu Pond will not have a view of the reservoir. Public
view planes from Kaelepulu Pond will protected as much as possible due to the landscaped
earth berm and tank painting described above.

Refer to the visual impact analysis included in Chapter 3 for further information.

Part II: Development Plan Maps for Koolaupoko

Public facilities maps identify the general locations of proposed facilities. The general time
frame (i.e., within six years, beyond six years) for land acquisition and/or construction are
also shown on the maps.

Ordinance No. 92-14 dated March 10, 1992 amended the Koolaupoko Development Plan
Public Facilities Map by the addition of a water reservoir symbol (Figure 5-1). This project is
therefore consistent with County plans.

LAND USE ORDINANCE

The Land Use Ordinance (LUO) of the City and County of Honolulu regulates land use in
accordance with adopted policies such as the Oahu General Plan and the Development Plans,
The LUO provides development and design standards regarding location, height, size of
structure, open spaces, use of structure and land, etc.

Article 2 of the LUO establishes zoning districts. The project is in the area zoned Preserva-
tion, Restricted (P-1) and Country. The purpose of the Preservation District is to preserve and
manage major open space and recreation lands and lands of scenic and other natural resource
value, Within this P-1 Restricted Preservation District, all uses, structures, and development
standards shall be governed by the appropriate State agencies. The Country District provides
for areas with limited potential for agricultural activities but for which open space and/or the
rural character is desired. Basic public services and facilities to support the district are
permitted in lands designated Country.
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SPECIAL MANAGEMENT AREA

The purpose of the Special Management Area (Chapter 33 of the Revised Ordinances of
Honolulu) is to preserve, protect, and, where possible, restore the natural resources of the
coastal zone. The Special Management Area (SMA) shall include areas on the Island of Oahu
designated on SMA maps (Figure 5-2).

The following guidelines are used in reviewing developments proposed in the SMA!:

1. All developments in the special management area shall be subject to reasonable
terms and conditions set by the council to insure that: |

D. Alterations to existing land forms and vegetation, except cTops, and
construction of structures shall cause minimum adverse effect to water
resources and scenic and recreational amenities and minimum danger of
floods, landslides, erosion, siltation, or failure in the event of earth-
quake.

2. No development shall be approved unless the council has first found that:

A. The development will not have any substantial adverse environmental or
ecological effect except as such adverse effect is minimized to the extent
practicable and clearly outweighed by public health and safety, or
compelling public interest. Such adverse effect shall include, but not be
limited to, the potential cumulative impact of individuat developments,
each one of which taken in itself might not have a substantial adverse
effect and the elimination of planning options;

B. The development is consistent with the objectives and policies set forth
in Section 33-3.1 and area guidelines contained in Section 205A-26,
Hawaii Revised Statutes; and

C. The development is consistent with the County General Plan, develop-
ment plans, and zoning. Such a finding of consistency does not preclude
concurrent processing where a development plan amendment or zone
change may also be required.

A Special Management Area Use Permit will be required for this project.
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CHAPTER 6
UNRESOLVED ISSUES

This environmental impact statement has disclosed potential impacts associated with the
project and mitigation measures to alleviate public concerns relating to these potential
impacts. The purpose of the EIS process is disclosure of information. Resolution of issues
and concerns will be addressed as the project proceeds with the planning , permitting and
design phases. Four issues remain unresolved.

METHOD OF EXCAVATION

An unresolved issue is the method of excavation used to remove approximately 50,000 cubic
yards of earth and rock. Two alternatives are the use of blasting or hoe ram equipment.

Due to the amount and type of excavation involy » the use of small explosives would appear
to be more economical and would shorten the construction period. However, the contractor
hired to construct the reservoir will determine whether blasting or excavation equipment will
be used, after considering the advantages and disadvantages of each method. If blasting is
selected, the contractor must adhere to specific BWS procedures to minimize vibration.
Additional information on the construction method will be submitted for processing of the
CDUA.

VISUAL IMPACT ANALYSIS

Concern has been expressed over the visual impact of construction of the reservoir on Puu O
Ehu ridge. In response to these concerns, construction of a 10-ft high retaining wall with
earthen berm backfill has been incorporated into the project to mitigate the visual impact of
the reservoir,

Construction of this wall and berm is an unprecedented commitment by the Board of Water
Supply to minimize the visual impact of the reservoir. The wall and berm will shield nearly
one half of the 22-ft high reservoir from view. Landscaping of the berm with existing
vegetation will add several feet in height to further obscure view of the tank. Painting of the
tank in non-obtrusive colors to match the surroundings will provide additional mitigation.

Computer-generated images of the reservoir have been depicted on color photographs taken
from significant view planes to illustrate the impact of the project incorporating these
mitigation measures. In spite of these efforts, it is anticipated that the visnal impact of the
project will continue to be an unresolved issue fo opponents of the project.

CIVIL DEFENSE SIREN

The BWS has agreed to allow installation of a solar-powered 121 dB civil defense siren
warning device at the reservoir site, as requested by State Civil Defense. However, the cost
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L of installation and maintenance of the siren system must be borne by the state. The BWS has
to the siren to benefit the Kailua community and because the site affords an adequate
- buffer zone of 250-ft radius in which there are no existing or proposed residential structures.
i Concern has been expressed over the noise disturbance to horses and cattle which graze in

. the area. 'This negative, long-term impact to the neighborhood is unresolved.

DRAINAGE SYSTEM DISCHARGE

% The proposed drainage system will convey storm water from the reservoir site and

neighboring residences along the private road to Kailua Road. However, once storm runoff
~ is conveyed to Kailua Road, there are several options for discharge from the storm drain
system, In the vicinity of the project site, the State DOT Kailua Road storm drain discharges
toward Kawai Nui Marsh at an outfall headwall. The Board of Water Supply will coordinate
with DOT to resolve the drainage discharge from the proposed storm-drain.
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CHAFPTER 8
CONSULTATION

PARTICIPANTS

The environmental impact statement was prepared for the Board of Water Supply, City and
County of Honolulu, by Engineering Concepts, Inc. The following organizations were also
involved in the preparation of this report.

Organization Area of Expertise
Ernest X. Hirata & Associates: Soils Investigation
Char & Associates: Flora
Cultural Surveys Hawaii: Archaeology
Y. Ebisu & Associates: Noise and Vibration

CONSULTED PARTIES DURING PREPARATION OF THE DRAFT EIS

The following is a list of agencies, organizations, or individuals who were asked to comment
on the project. Those who responded with comments are marked with an asterisk (*).
Those who responded with no comments are marked with a plus (+).

Federal Government

*

te

*

++***+**

Department of Agriculture, Soil Conservation Service

Army Corps of Engineers, Honolulu

Department of Commence, National Marine Fisheries Service
Environmental Protection Agency, Region IX, San Francisco
Department of the Interior, Fish and Wildlife Service
Department of the Interior, Geological Survey

vernmen
President of the Senate and Senators from Districts 24 & 25

Speaker of the House and Representatives from Districts 49, 50 and 51
Department of Accounting and General Services

Department of Agriculture

Department of Business, Economic Development, and Tourism

Department of Commerce and Consumer Affairs

Department of Defense

Department of Education

Department of Hawaiian Home Lands

Department of Health

Department of Land and Natural Resources

Department of Land and Natural Resources, State Historic Preservation Officer
Department of Transportation

Housing Finance and Development Corporation

Legislative Reference Bureau
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Office of Hawailan Affairs

Office of State Planning

University of Hawaii, Environmental Center
State Libraries

Business, Economic Development & Tourism
Hawaii State

Hilo Regional

Kailua

Kaimuki Regional

Kaneohe Regional

Kauai Regional

Pearl City Regional

University of Hawaii, Hamilton Library
Wailuku Regional

11} rmmen
Chair of the City Council and Council Members from Districts 2 and 3

Building Department

Fire Department

Police Department

Department of General Planning
Department of Housing and Community Development
Department of Land Utilization
Department of Parks and Recreation
Department of Public Works
Department of Transportation Services
Municipal Reference and Records Center
Neighborhood Board No. 31

Others
American Lung Association

Lanikai Community Association
Pohakupu-Kukanono Community Association
Old Kukanono Community Association
Kaapuni Community Association

Kuulei Tract Community Association
Enchanted Lakes Community Association
Olomana Community Association

Ducks Unlimited, Inc.

Hawaii Audubon Society

Hawaiian Trail and Mountain Club

Kailua Chamber of Commerce

Kailua Community Council

Kukilakila Association

Lani-Kailua Outdoor Circle

Sierra Club, Hawaii Chapter

* Trustees of the Kapaa Trust/Kaneohe Ranch

T
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Henry & Rebecca Awana
Donald & Martha Cann

- Jess Curb and Judith Kautz
Michael & Patricia Gorelangton
Peter Lenhart

James Love

‘ John Murley

John & Patricia Reilly

- *  Richard & Elizabeth Riegels
Michael & Joanmarie Ryan

COMMENTS ON THE EIS PREPARATION NOTICE

- Reproduced in Appendix A are letters commenting on the EIS Preparation Notice and letters
~ by the BWS responding to the comments.

- CONSULTED PARTIES DURING PREPARATION OF THE FINAL EIS

One hundred and six (106) copies of the Draft EIS were mailed to agencies on the OEQC
- distribution list, and other interested parties. A complete listing of these consulted parties
follows. '

- The Draft EIS notice was published in the April 23, 1994 edition of the OEQC Bulletin. A
total of 42 comment letters were received during and after the extended public review period
which ended on July 23, 1994. Organizations/agencies who responded to the request for

= comments are marked with an asterisk (*). Those who responded with no comments are
marked with a plus (+).

~ e | n
- *  Department of Agriculture, Soil Conservation Service
*  Army Corps of Engineers, Honolulu
U.S. Army Support Command Hawaii, Fort Shafter
-, Department of Commerce, National Marine Fisheries Service
? + Department of the Navy, Naval Base Pearl Harbor
Environmental Protection Agency, Region IX, San Francisco
= + Department of the Interior, Fish and Wildlife Sexvice
+ Department of the Interior, Geological Survey
U.S. Coast Guard

- State Government
President of the Senate and Senators from Districts 24 & 25
3 Speaker of the House and Representatives from Districts 50 and 51
" *  Cynthia Thielen, District 49 State Representative
+ Department of Accounting and General Services
o Department of Agriculture
o
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Department of Business, Economic Development and Tourism

Department of Business, Economic Development and Tourism, State Energy Division

Department of Commerce and Consumer Affairs
Department of Defense

Department of Education

Department of Hawaiian Home Lands
Department of Health

Departmeat of Land and Natural Resources

Department of Land and Natural Resources, Historic Preservation Division

Department of Transportation
Housing Finance and Pevelopment Corporation
Legislative Reference Bureau
Office of Environmental Quality Control
Office of Hawaiian Affairs
Office of State Planning
University of Hawaii, Water Resources Research Center
University of Hawaii, Environmental Center
State Archives
State Libraries
Business, Economic Development & Tourism
Hawaii State
Hilo Regional
Kailua
Kaimuki Regional
Kaneohe Regional
Kauai Regional
Pearl City Regional
University of Hawaii, Hamilton Library
Wailuku Regional
‘Waimanalo Public & School Library

— City and County Government

Chair of the City Council and Councilmember from District Il
Steve Holmes, District IT Councilmember

Building Department

Fire Department

Police Department

Planning Department (2 letters)

Department of Housing and Community Development
Department of Land Utilization

Department of Wastewater Management

Department of Parks and Recreation

Department of Public Works

Department of Transportation Services

Municipal Reference and Records Center

Kailua Neighborhood Board No. 31 (Ronald Jackson)
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Reproduced in Appendix
responding to the comments.

Hawaiian Electric Company

American Lung Association

Lanikai Community Association
Pohakupu-Kukanono Community Association
0ld Kukanono Community Association
Kaapuni Community Association

Kuulei Tract Community Association
Enchanted Lakes Community Association
Olomana Community Association

Ducks Unlimited, Inc., Western Regional Office
Hawaii Audubon Society

Hawaiian Trail and Mountain Club

Honolulu Advertiser

Honolulu Star Bulletin

Sun Press

Kailua Chamber of Commerce

Kailua Urban Design Task Force (Jamie Osborne, Paul Remington)
Kailua Community Council

Kawai Nui Heritage Foundation

Kukilakila Association

Outdoor Circle

Sierra Club, Hawaii Chapter

Trustees of the Kapaa Trust c/o Kaneohe Ranch
Henry & Rebecca Awana :

Donald & Martha Cann

Michael Compton

Jess Curb and Judith Kautz

Michael & Patricia Gorelangton

Peter Lenhart

James Love

John Murley

John & Patricia Reilly

Richard & Elizabeth Riegels

Michael & Joanmarie Ryan

Donna Wong

COMMENTS ON THE DRAFT EIS

g5

B are letters commenting on the Draft EIS and letters by the BWS
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APPENDIX B
COMMENTS AND RESPONSES TO THE DRAFT EIS
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SQILS FEASIBILITY STUDY
KAILUA 272 RESERVOIR
BOARD OF WATER SUPPL"Y
KAILUA, OAHU, HAWAII

for

ENGINEERING CONCEPTS, INC.

ERNEST K. HIRATA & ASSOCIATES, INC.

W.0. 922225
April 17, 1992

Soils and Foundation Engineering
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Soils and Foundation Engineering

99-1433 Koaha Place « Aiea, Hawaii 96701-3279

ERNEST K. RIRATA P.E, Phone (808)486-0787 « FAX (808) 486-0870

PAUL 5. MORIMOTO P.E.
DAVID M. KITAMURA P.E.
JUNG K. XIM P.E.

April 17, 1992
W.0. 92-2225

Mr. Kenneth Ishizaki
Engineering Concepts, Inc.
250 Ward Avenue, Suite 206
Honoluly, Hawaii 96814

Dear Mr. Ishizaki,

Re: SOILS FEASIBILITY STUDY
KAILUA 272 RESERVOIR
BOARD OF WATER SUPPLY
KATLUA, OAHU, HAWAII

This report presents the resuits of our soils feasibility study performed for the proposed

Kailua 272 Reservoir. Our work scope for this study included the following:
. A visual reconnaissance of the site and its vicinity, to observe existing
conditions which may affect the project. The general location of the project

site is shown on the enclosed Location Map, Plate 1. A project Site Plan is
shown on Plate 2.

. A review of available soils information pertinent to the site and the proposed
project.
. Preparation of this report presenting the expected soil conditions, and our

preliminary geotechnical opinions regarding possible foundation types for
support of the reservoir, excavatability of material, cut slope gradients, and
site grading.

As indicated in the General Conditions of our contract, preliminary recommendations

presented in this report will require substantiation with exploratory borings, laboratory

testing, and engineering analysis. This phase of work will be performed at a later date.
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ERNEST K. HIRATA & ASSOCIATES, INC W.0. 92-2225
Page 2

PROJECT CONSIDERATIONS

PROJECI CUINOL LRl

Information concerning the proposed project was furnished by personnel from your staff.

The project consists of a construction feasibility study for a 4 million gallon water Teservoir.
The reservoir will be of reinforced concrete construction, with a concrete roof and floor siab.
The structure will be approximately 190 feet in diameter, and extend about 20 feet in height.
Preliminary plans indicate 2 floor elevation of 2520 and a spillway elevation of 272.0. The

project also includes a 12 foot wide access road off an existing A.C. paved roadway.

Excavations in the tank area will range from approximately 8 to 48 feet in depth.

SITE CONDITIONS

The project site is located east of Kailua Road and northeast of Kailua High School. An

existing water tank is located about 250 feet to the north.

The proposed reservoir site is situated along a ridgeline which generally extends in a
northwest - southeast direction. The slopes extend downward toward the northeast and
southwest at gradients on the order of 1%:1 to 2:1 (horizontal to vertical). Slight to
moderate vegetation COVers the slopes which are presently used as pasture lands. No

evidence of slope movement was observed, and the slopes appeared to be stable.
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SOIL. CONDITIONS

The Soil Survey, prepared by the U.S. Department of Agriculture, Sail Conservation Service,
identifies the near surface soils in the project area as Papaa clay. The clay is formed in
colluvium and residuum derived from basalt. Papaa clay is usually very dark brown in color,
and has a sticky and plastic consistency. The Soil Survey gives Papaa clay a Unified Soil

Classification of CH which may indicate a high expansion potential.

The Soil Survey also indicates that a thin layer of reddish brown and gray siity clay loam
underlies the surface clay. The loam generally exhibits moderate shrink-swell potentials.

Below the silty clay loam, the soils transition to weathered rock and rock.

The soil exposed along the slopes generally confirm the Soil Survey. The surface soil was
visually classified as dark brown silty clay. Isolated areas also exposed mottled orange brown

clayey silt.

Rock outcrops were observed in numerous areas, particularly along the western slopes. A
relatively consistent basalt stratum or ledge was observed along the western slope face, about

75 feet below the ridgeline. The basalt was fractured, but only slightly weathered.

PRELIMINARY RECOMMENDATIONS
Based on our research and visual reconnaissance, the following preliminary

recommendations are presented.




ERNEST K. HIRATA & ASSOCIATES, INC. W.0. 92-2225
Page 4
1. Assuming a reservoir floor elevation of 252, foundations for the structure are

expected to rest on basalt.

Continuous wall footings or a mat foundation may be used for support of the
reservoir. A preliminary bearing value of 8000 pounds per square foot may be used

for sizing foundations.

Pneumatic equipment will probably be required for excavations into the basalt
stratum. It is our opinion that blasting will not be allowed due to the proximity of

residences on the south facing slopes.

Cut slope gradients of 2:1 (horizontal to vertical) may be used for slopes exposing the
surface soils. The thickness of surface soil is expected to be on the order of 4 feet.
Cut slopes exposing basalt may be designed using gradients on the order of 1/2:1 to

3/4:1, depending on the amount of weathering and fracturing.

The surface clay may be highly expansive, and require removal prior to placement

of structural fiil.

LIMITATIONS -

As indicated earlier, the preliminary recommendations presented in this report will require

substantiation with exploratory borings, laboratory testing, and engineering analysis. This
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Page 5

phase of work should be performed at a later date.

Our preliminary recommendations are based upon the site materials observed, the
preliminary design information made available, the data obtained from our site
reconnaissance, and our experience and engineering judgement. The recommendations are
professionai opinions which we have strived to develop in a manner consistent with that level
of care, skill, and competence ordinarily exercised by members of the profession in good

standing, currently practicing under similar conditions. No other warranty is expressed or

implied.

We appreciate this opportunity to be of service. Should you have any questions concerning

this report, please feel free to call on us.

Very truly yours,

Emest K. Hirata & Associates, Inc.

LS. NAIMBIE

Paul S. Morimoto, P.E.

PROFESZIONA
ENGINZER

No. 5259

REGISTERED Q%
L)

B

A% 3
This work was prepared by
me or under my supervision

Enc: Location Plan
Site Plan
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BOTANICAL SURVEY
KAILUA "272" RESERVOIR
KO'OLAU POKO DISTRICT, ISLAND OF 0'AHU

Winona P. Char
CHAR & ASSOCIATES

Botanical Consultants
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BOTANICAL SURVEY
KAILUA "272" RESERVOIR
KO'OLAU POXKO DISTRICT, ISLAND OF O'AHU

INTRODUCTION

The proposed Kailua "272" Reservoir project site consists of one

4.0 MG reservoir, influent—-effluent pipes, and access road located

to the south of an existing Board of Water Supply reservoir on
Pu'u 0 Ehu, Kailua. Vegetation on the site consists of koa-haole

shrubland and open, grassy scrub. The site is used for grazing

cattle and horses; a fenceline runs down the middle of the proposed

project site.

Field studies to assess the botanical resources found on the
project site were conducted on 20 March 1992. The primary
objectives of the survey were to: 1) describe the general vege-
tation; 2)'inventory the vascular flora; and 3) search for
threatened and endangered plants protected by Federal and State
endangered species laws.

SURVEY METHODS

Prior to undertaking the field studies, a search was made of the
pertinent literature to familiarize the principal investigator
with other botanical studies conducted in the general area. Topo-
graphic survey maps and a black and white aerial orthophotoquad

(1 = 200') were examined to determine vegetation cover patterns,
terrain characteristics, access, boundaries, and reference points.
The metes and bounds of the reservoir and access road were

surveyed and flagged prior to our field studies.



A walk-through survey method was used. Notes were made on plant
associations and distribution, substrate types, topography,
exposure, drainage, etc. Plant identifications were made in the
field; plants which could not be positively identified were
collected for later identification in the herbarium and for com-

parison with the most recent taxonomic literature.

The species recorded are indicative of the season ("rainy" vs.
"dry") and the environmental conditions at the time of the survey.
A survey taken at a different time of the year and under varying
environmental conditions would no doubt yield slight variations

in the species list list, especially of the weedy, annual plants.
DESCRIPTION OF THE VEGETATION

Tall, mostly single-stemmed koa-haole shrubs (Leucaena leucocephala),

12 to 18 ft. tall, are found on the slopes along the proposed
access road and on portions of the proposed reservoir site. As
the shrubs approach the summit of the ridge or pu'u, they become
shorter and windswept. In places, the koa-haole shrubs have been
cut back so that they are 3 to 4 ft. tall; this practice allows
the cattle and horses teo reach the koa-haole shoots. Green panic-

grass (Panicum maximum var. trichoglume) forms a somewhat short,

dense mat, up to a foot tall, under the koa—-haole shrubs. There
are few other species associated with the thick mats of grass.
Only where there are rocky outcroppings or on steeper areas where
the grass cover thins out is there a weedy mixture of different

species; these include comb hyptis (Hyptis pectinata), lantana

(Lantana camara), virgate mimosa {Desmanthus virgatus), maile

hohono (Ageratum conyzoides), and false mallow (Malvastrum

coromandelianum). Occasionally, plants of the blue potato vine

(Solanum seaforthianum) can be observed scrambling up and over

the koa-haole shrubs, especially near the existing water tank.
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Along the top of the ridge, where there is a fenceline, the
vegetation is open and grassy with scattered smaller shrubs such

as 'uhaloa (Waltheria indica), klu (Acacia farnesiana), Cuba jute

(Sida rhombifolia), and indigo (Indigofera suffruticosa). Certain

areas along the ridgetop have been heavily grazed and 40 to 50Z%

of the area may be exposed soil. Also the more weedy species such

as sourgrass (Digitaria insularis), swollen finger grass (Chloris

barbata), spiny amaranth (Amaranthus spinosus), and prickly

cucumber (Cucumis dipsaceus) occur in these areas.

DISCUSSION AND RECOMMENDATIONS

The land for the proposed reservoir and access road is presently
used for grazing cattle and horses. The vegetation consists of
koa-haole shrubland on the slopes and an Open, grassy scrub on
the top of the ridge. Introduced or alien species are the domi-
nant components of the vegetation on the project site. 0f a total
of 56 species inventoried during the field studies, 33 (94%) are
introduced species; 1 (22) is questionably of early Polynesian
jntroduction; and 2 (4%) are probably indigenous, that is, they
are native to the Hawaiian Islands and elsewhere. No species
native only to the Hawaiian Islands, i.e. endemic, occur On the
site. A list of all the vascular plants inventoried on the site
can be found at the end of this report. None are officially
1isted threatened or endangered plants (U.S. Fish and Wildlife
Service 1989); nor are any proposed oF candidate for such status
(U.S. Fish and Wildlife Service 1990). A recent botanical survey
(Char 1991) conducted for the adjacent Kailua Gateway project

recorded similar findings.

Given the £findings above, there is 1ittle of botanical interest
or concern on the proposed Kailua n979" Reservoir site. The
species found on the subject property occur throughout the

Hawaiian Islands in similar environmental habitats. The proposed

3



project is not expected to have a significant negative impact on
the botanical resources and there are no botanical reasons to
impose any restrictions, conditions, or impediments to the

reservoir project.
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PLANT SPECIES LIST -- Kailua 972" Reservoir

A checklist of all those vascular plant species inventoried
during the survey is presented below. The plants are divided into
three groups: Ferns, Monocots, and Dicots. The taxonomy and
nomenclature of the Ferns follow Lamoureux (1984); the f£lowering
. plants, Monocots and Dicots, are in accordance with Wagner et al.
- (1990) for the most part.

- For each species, the following information is provided:
- 1. Scientific name with author citation.
L 2. Common English and/or Hawaiian name, when known.

3. Biogeographic status. The following symbols are used:

I = indigenous = native to the Hawaiian Islands and elsewhere

throughout the Pacific
i P = Polynesian = plants originally of Polynesian introduction
~ prior to Western contact (1778); not native
7 X = introduced or aliem = all those plants introduced inten-
o tionally or accidentally by humans after Western contact;
~ not native.
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Scientific name

FERNS

NEPHROLEPIDACEAE (Sword Fern Family)

Nephrolepis multiflora (Roxb.)
Jarrett ex Morton

FLOWERING PLANTS

MONOCOTS
COMMEL%NACEAE (Spiderwort Family)

Commelina benghalensis L.

POACEAE (Grass Family)
Chloris barbata (L.) Sw.

Digitaria insularis (L.) Mez ex
Ekman

Eleusine indica (L.) Gaertn.

Melinis minutiflora P. Beauv.

Panicum maximum Jacq. var.
maximum

Panicum maximum var. trichoglume
Eyles ex Robyns

DICOTS
AMARANTHACEAE (Amaranthus Family)
Amaranthus spinosus L.

Amaranthus viridis L.

ANACARDIACEAE (Mango Family)
Schinus terebinthifolius Raddi

ASTERACEAE (Sunflower Family)
Ageratum conyzoides L.
Bidens pilosa L.

Calyptocarpus vialis Less.
Conyza bonariensis (L.) Crong.

Emilia fosbergii Nicolson

Pluchea indica (L.) Less.

Pluchea symphytifolia (Mill.)
Gillis

Sonchus oleraceus L.

Tridax procumbens L.

Common name

hairy sword fern

hairy honohono

swollen finger
grass, mau'ulei

Sour grass

wire grass

molassesgrass

Guinea grass

green panicgrass

spiny amaranth,
pakai kuku.

slender amaranth,
pakai

Christmas berry

maile hohono
Spanish needle,

beggar's tick, ki
hierba del cabello

hairy horseweed,
lani wela

red pualele

Indian fleabane

‘sourbush

sowthistle, pualele

coatbuttons

Status
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" Scientific name

b BIGNONIACEAE (Bignonia Femily)
i Spathodea campanulata P. Beauv.

CASUARINACEAE (Ironwood Family)
Casuarina equisetifolia L.

CLUSIACEAE (Mangosteen Family)
Clusia rosea Jacqg.

——it S LR R A TR A T L T S

- Ipomoea obscura L.) Ker-Gawl.

~ CUCURBITACEAE (Squash Family)
Coccinia grandis (L.) Voigt
Cucumis dipsaceus Ehrenb. ex
Spach

Chamaesyce hirta (L.) Millsp.
Chamaesyce hypericifolia (L.)
Millsp.
Chamaesyce prostrata (Aiton)
-— Small
Phyllanthus debilis Klein ex
. Willd.

-
r~ EUPHORBIACEAE (Spurge Family)

FABACEAE (Pea Family)
~— Acacia farnesiana (L.) willd.
B Chamaecrista nictitans (L.)
- Moench

Crotalaria incana L.

(-

Desmanthus virgatus (L.) Willd.
Desmodium tortuosum (Sw.) DC.
Indigofera spicata Forssk.
Indigofera suffruticosa Mill.
Leucaena leucocephala (Lam.}
de Wit
Ma;roptilium atropurpureun (DC.)
rb.

-3

A

Mimosa pudica var. unijuga
(Duchass. & Walp.) Griseb.

3

CONVOLVULACEAE (Morning-glory Family

Common name

African tulip tree

common ironwood

autograph tree, COPEY

)
field bindweed

coccinia

prickly cucumber

hairy spurge
graceful spurge
prostrate Spursge

niruri

klu

partridge pea, lauki

fuzzy rattlepod,
kukaehoki

yirgate mimosa

Florida beggarweed

indigo, 'iniko
koa-haocle

cowpea, wild bush-
bean

sensitive plant,
sleeping gTrass,
puahilahila

Status
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Scientific name

LAMIACEAE (Mint Family)
Hyptis pectinata (L.) Poit.

MALVACEAE (Mallow Family)
Malvastrum coromandelianum (L.}

Garcke
Sida rhombifolia L.

MORACEAE (Mulberry Family)

Ficus microcarpa L. £f.

MYRTACEAE (Myrtle Family)
Syzygium cumini (L.) Skeels

OXALIDACEAE (Wood Sorrel Family)

Oxalis corniculata L.

Common name

comb hyptis

false mallow
Cuba jute

Chinese banyan

Java plum, palama

yellow wood sorrel

PASSIFLORACEAE (Passion Flower Family)

Passiflora suberosa L.

RUBIACEAE (Coffee Family)
Spermacoce assurgens Ruiz & Pav.

SOLANACEAE (Nightshade Family)

Sclanum americanum Mill.
Solanum seaforthianum Andr.

Lycopersicon pimpinellifolium

(Jusl.) Mill.

STERCULIACEAE (Cacao Family)

Waltheria indica L.

URTICACEAE (Nettle Family)
Pilea microphylla (L.) Liemb.

VERBENACEAE (Verbena Family)
Citharexylum caudatum L.
Stachytarpheta jamaicensis (L.)

Vahl

Stachytarpheta urticifolia

(Salisb.) Sims

huehue hacle

buttonweed

popolo
blue potato vine

current tomato

'vhaloa, hi'aloa,
kanakaloa

artillary plant

fiddlewood

Jamaica vervain,
owi, oi

nettle-leaved vervain,
owi, oi

Status
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Abstract

In February of 1992 Cultural Surveys Fawaii. with the aim of locating any
archaeological sites and/or remains. undertook field survey and historical research for the
proposed Kailua 272 Reservoir. The research done at the request of Engineering Concepts,
Inc.. consisted of a surface survey and briet historic background study of the project parcel
(TMK 4-2-03:46). The project parcel is located on the spine of a steeply sloping ridgeline
west of Kailua Town. No archaeological sites were observed during the survey and historic
research indicated that there was probably never any significant utilization (il.e.. agricultural
or habitation) along the ridgeline. However. the historic research did indicate that Puu o Ehu,
the high point of the ridge. some [.500 feet southeast of the project area. was an important
point of reference within the Kailua area.

Based on the absence of archaeological sites within the project area no further research
is warranted.

e g S et L e e b T



gzl

)

A

o

2

) D

.

D

ch

}

e

2

o

.

Table of Contents

Natural and Cultural Background . . ..........c..cooeeeunnn e
Traditional Land USe .. ...covuuinuinii et e e
Kamehameha Conquers O'ahu (ca. 1795) .. ...oovrnoi e
The Mahele Period (ca. 18508) .. ... .vvveiieeee e
Ranching ......... i

ii

[




T e Ty T 0 M e P b Pt 8 T e

—

Rorn T o oy T e Tl Y

=

o s

]

[ —_—

)

7

D BN A

A,

0

Introduction

In February of 1992 Cultural Surveys Hawaii conducted archaeological survey and
historical research on a parcel of land located in Kailua, O*ahu (TMK 4-2-013) for the
proposed Kailua 272 Reservoir and access road. The purpose of the research. done at the
request of” Engineering Concepts Inc.. was to determine the presence or absence of any
archaeological sites in the project area. No archaeological sites were observed during the
survey and the background research also indicated that the project area probably never
contained archaeologically significant sites. The absence of archaeological sites is due to the

terrain in which the project area is situated. .

Project Area Description

The arca of land to be impacted by the Kailua 272 Reservoir is located on an eroding
ridgeline behind Kaitua Town above Hamakua Drive. The ridge. located on the southwestern
edge of Kailua Town has an existing access road that runs up to two structures. an abandoned
reservoir and a remnant platform of an old reservoir. The existing reservoir serves as an
excellent reference puint Tor the project area as it can he casily scen from Kailua Town. The
vegetation within the project area includes koa haole (Leucaena leucocephala). California
grass (Brachiaria murica). and various introduced species of weeds. Cattle grazing within the
project area is evidence by a fence running along the top of the ridgeline that separates the
project area into two pastures. Rainfall averages 40) inches per year. Soils within the project
area are part of the Papaa series. specifically Papaa clay on 20 to 35 percent slopes (PyE)

which is characterized as being suitable for pasture usage because of the ditficulty in working

L
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on the slopes and the moderate to severe erosional hazard (Foote et al, 1973).
" 1In general, the project area is characterized by the relatively steep slope, thin grass and
koa haole vegetation, and exposed patches of highly weathered soil. The vegetation and

terrain type allowed for excellent ground visibility during the survey.

Natural and Cultural Background

The ahupua'a of Kailua, in which the project area is situated, extends from the top of
the Ko'olau Ridge down to the shore along two high ridges. Kailua, formerly contained two
ocean embayments which give the ahupua'a its name: Kai-lva — two seas (Pukui, Eibert and
Mookini 1979). Kawainui Marsh and Ka‘elepulu Pond, now Enchanted Lake are the remains
of these two embayments.

The Ahupua'a of Kailua is in the center of the extinct Ko'olau Volcano which is

“about 8 miles long by 4 miles wide and extends from near Waimanalo at the SE to NW of

Kane‘ohe and from the eastern base of the Ko‘olau Range on the SW to inshore of the
Mokulua islands to the east” (MacDonald and Abbott). There were two series of lava flows
here: one the Kailua volcanic series and the other the Ko'olau series making up the greater
part of the Ko‘olau Range. A dense volcanic plug, 5+ km. wide and 1.6 km. deep, lies
beneath Kawainui Marsh (Adams and Furumoto, 1965). This plug may contribute to its ability
to retain water in the marsh. The geologist Harold T. Stearns believes O'ahu has been stable
for the last several hundred ﬁlousand years, but notes that throughout the Pleistocene the
Marsh area was pcriodic.:ﬂly submerged and exposed. In fact, well logs show that valleys

have been drowned to at least 1,200 feet and may still be submerged 1,800 feet below an
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original shallow water platform, while abrasions on cliffs several hundred feet above sea level
show signs of ocean action. There are many indications the ocean has, in the past, receded to
about 300 feet below the present stand and risen almost that amount above the present sea

level (Stearns, 1978).

Traditional Land Use

Kailua was important to early planters as we know from the tales that come from the
geneologies and legendary history. Also as the social system became more structured, it
became important to rulers who needed to feed great numbers of people in their courts as
well as the visitors to their court. Kailua was also known to be an area of refuge for those
who sought sanctuary up until the time when Kamehameha conquored the island of O‘ahu at
which time all the ancient pu‘uhonua (place of refuge) on O‘ahu were abolished.

Windward rains, numerous springs, fish ponds, extensive lo'i (wetland terraces) where
taro flourished (root stock could also be supplied to other areas in times of need), rich upland
forests for foraging, and the natural beauty of this area made this ahupua‘a (land district

from mountain to ocean) a desirable locale for settlement through time.

Kamehameha Conquers O'ahu (ca. 1795)

Traditional accounts indicate that after Kamehameha conquored O'ahu, he came to
help the residents of Waimanalo and Maunawili clear Kawainui and he encouraged all to
participate in such tasks. His mother’s family came from the Kailua, on O‘ahu and he would

have known of its reputation for plentiful food and fish resources. By helping the windward

Sl




people, he could hope to win over the planters as well as provide his army with needed

supplies.

The Mahele Period (ca. 1850s)

With the growing influence of Europeans and Americans in the islands there was great
concern by King Kamehameha II1 and various chiefs that the land would be taken over by the
foreigners who considered land to be' a possession rather than 2 trust as Hawaiians did. To
retain power for the kingdom and for Hawaiians, King Kamehameha 11 appointed a Land
Commission for Quiet Titles in 1842. During the Mahele, first all of the land was
acknowledged as belonging to the king and then the king selected which pieces he wanted to
keep for himself,l which he would give to his chiefs and his family, and then which lands
might be sold. Among the first selections of land for himself, Kamehameha III took the ‘lele
of Kawailoa in Kailua, which includes a portion of land from Kalanianaole Highway near the
new Olomana Fire Station up to the peak of Olomana, and another parcel of land at the
Kailua Town side of Lanikai. Kamehameha I next divided up the 73 'ili of the ahupuad'a
and their lele among 29 chiefs or konohiki. Additionally, in Kailua 130 different persons
cllaimed kuleana lands, but only the 29 received title back to the lands they lay claim to.

‘What land remained after these first two divisions was then given to Kamehameha IIT’s wife,
Queen Kalama and to Victoria Kamamalu, sister of Kamehameha IV and V. The project area
appears to have been part of the ‘ili of Kawainui, which was part of a Land Commission
Award (LCA 4452:12) to Queen Kalama. However, perusal of historic maps does not make

actual ‘ili boundaries clear . It would appear that the ridgeline on which the project area is
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situated was viewed as waste land and was more of a dividing line between ‘ili.

Ranching

Ranching in the general Kailua area was dominated by Kaneohe Ranch. Kaneohe
Ranch included the lands of Queen Kalama of both Kailua and Kaneohe ahupua‘a. Harold
K. Castle purchased Kaneohe Ranch in 1917 from Mrs. Nanny Rice who had inherited from
her father, C.C. Harris. Active grazing continues in the project area as evidenced by the

fence line and condition of the pasture itself.

Previous Archaeological Research

There has been no archaeological research specific to the project area. However,
major research associated with Kawainui Marsh details legendary, traditional, historic and
archaeological accounts concerning Kailua in general with specific references to the “ili of
Kawainui.

The research inclildes Archaeological Excavations in Kawainui Marsh, Island of
O‘ahu, Honolulu (Allen-Wheeler, 1981); Land Use and Landform Change in Kawainui
Marsh, O‘ahu: Geoarchaeological and Historical Investigations 1981 A Brief History of
the Hawaiian People (Allen, in press); A Cultural Resources Study for the City and County of
Honolulu's Permit Request: Kawainui Marsh Sev'verline (O '‘ahu), Archaeological Recon-
naissance and Pre-1850 Literature Search (Cordy, 1977); Ho ‘ona‘auao No Kawainui:
Educating about Kawainui (Drigot, 1982); Sediment Coring in Kawainui Marsh, Kailua,

O'ahu, Ko'olaupoko (Hammatt et al., 1990); Brief History of Kawainui Fishpond and




Associated Sites (Kelly and Clark, 1989): Sediment Coring in Kawainui Marsh, Kailua,
O'ahu, Ko'olaupoko (Hammatt et al. (1990): Terrigenous and Carbonate Clastic Facies in u
Transgressive Sequence Over Volcanic Terrain and Local Relative Sea Level Chunges and the
Evolution of Coastal Environments, Windward O'ahu, Hawai'i (Kraft. in progress).
Geoarchaeological Analysis of Field Remnants, Kawainui Marsh, Kailua, O ahu
(Morgenstein, 1978): and Archacological Investisations ar Kawainui Marsh, in the Kukanono
Areq, Kailua, O'ahu, TMK 4-2-13:38 (Neller. 1982).

;l’hv reader is referred 1o these reports for discussion of previous rescarch as well as a

detailed overview of historic background material,

Survey Results

Two archaeologists surveyed the entire project area on foot to determine the presence
or absence of sites in the area. As expected no sites were located in the project area due to
the extreme steepness ol the riclgglinc and the lack of any natural water source on the hill.
There are numerous cattle trails running along the hill line that have exposed the underlying
soil layers.  The exposed areas along the cattle rails were carefully examined for
subsurface deposits. but no cultural nratertal was noted either along the trails, or on op of the
ridge.

There are two large structures already present urn the top of the ridge. These two
structures (mentioned above) consist of a large stone and cement platform for an old
reservoir. and an abandoned metal tank reservoir. The ridge top was graded for the two

structures and it is not known if there were any archacological sites in these two areas prior
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to their construction. There is an existing aceess road that runs up to the two existing
structures that will be used for the construction of the new reservoir.

Some 1.500 feet southeast of the project area is Pu‘u o Ehu. a rock outerop at the high
point of the ridgeline. Puu o Ehu is the only location where Ka‘elepulu and Kawainui ponds
are both visible. Legend.ury accounts about the ponds relate that the mo ‘o guardian spirit of 5
the ponds was called Hauwahine and that Puu o Ehu was sacred to Hauwahine and her

companion (Pilabi Paki Communication to Murial Seto. 1976).

Summary and Significance

The parcel of land to be impacted by the construction of the Kailua 272 Reservoir is

on an eroding ridge that is now being utilized lor cattle and horse grazing. ‘The pareel
contains no sites or site remnants and it is doubtful it the project area was ever intensively
utilized prehistorically. The nearest significant feature. 1.5(X) {t. farther along the ridge at the
highest point and having, an excellent view of both Ka‘elepulu Pond (now Enchanted Lake)
and Kawainui Marsh, is Pou ‘o "Bhu. With the use ol the existing access m;thd and
construction iimited 1o the project area no adverse impacts to archagological resources is

foreseen. Based on the absence of archaeological sites within the project area no further work

is deemed warranted.

9




References

Allen-Wheeler, Jane

1981 Archaeological Excavations in Kawainui Marsh, Island of O‘ahu, Honolulu:
Department of Anthropology, Bishop Museum, prepared for State of Hawaii,
Department of Planning and Economic Development, November, 1981.

Allen, Jane _

{in press] Land Use and Landform Change in Kawainui Marsh, O'‘ahu:
Geoarchaeological and Historical Investigations 1981 A Brief History of the
Hawaiian People, New York. : S

Clark, Jeffrey T. ‘
1980 Phase I Archaeological Survey of Castle Estate Lands Around the Kawainui

Marsh, Kailua, O‘ahu, Department of Anthropology, Bishop Museum, Honolu-
lu.

Cordy, Ross

1977 A Cultural Resources Study for the City and County of Honolulu’s Permit

Request: Kawainui Marsh Sewerline (O‘ahu), Archaeological Reconnaissance
and Pre-1850 Literature Search,” MS for the U.S. Army Engineer Division,
Honolulu.

Drigot, Diane C.
1982 Ho‘ona‘auao No Kawainui (Educating about Kawainui): A Multi-Media
" Educational Guide.

Hammatt, Hallett H., D. Shideler, Rodney Chiojioji, and Randy Scoville
1950 Sediment Coring in Kawainui Marsh, Kailua, O‘ahu, Ko'olaupoko, Cultural
Surveys Hawaii, 1990

Kelly, Marion ‘

1980 "Brief History of Kawainui Fishpond and Associated Sites," IN Marion Kelly
and Jeffery Clark Kawainui Marsh, O‘ahu, pp. 1-28, Bishop Museum Depart-
mental Report Series 80-3, Honolulu.

Kelly, Marion and Barry Nakamura

1981 "Historical Study of Kawainui Marsh Area, Island of O‘ahu," B.P. Bishop
Museum, Honolulu.

10

H

i

i

[



2 A (o B T e b e

e}

3

i

£

COH O DY )

A

Kraft, John C.

In Progress 1991

Various works in progress including:
"Terrigenous and Carbonate Clastic Facies in a Transgressive Sequence
Over Volcanic Terrain" and "Local Relative Sea Level Changes and the
Evolution of Coastal Environments, Windward QOahu, Hawai‘i,
University of Delaware.

Morgenstein, Maury
1978 "Geoarchaeological Analysis of Ficld Remnants, Kawainui Marsh,
Kailua, O‘ahu.” U.S. Army Corps of Engineers, Honolulu.

Neller, Earl

1982 Archaeological Investigations at Kawainui Marsh, in the Kukanono
Area, Kailua, O‘ahu, TMK 4-2-13:38, SHPO, DLNR, June, 1982,

11




Fig. 4

12

o



View of Kawainui from Project Area. View North (Ulu Po Heiau in Left Center
ot Photo)
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